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PREFACE TO THE THIRD EDITION. 


Ilf the preparation of this edition so much has been added, 
and so much modified, that to some extent the book may be con- 
sidered as a new one. Nevertheless, the Editor has, as far as 
possible, worked on th§ plan laid down by Prof, lloiifrey, and ex- 
plained by him in the following quotation from the original Preface. 
Adverting to some remarks made by Sir Joseph Hooker and Dr. 
Thomson to the effect that 

“ disservice is done to the cause of Botany by occupying the attention 
of students in the first instance with the abstract parts of the science,” 

Prof, llenfrey remarks, in terms as applicable now as at the time 
they were first written (1857), that 

“ The largest class of students of Botany are those' who pursue the 
subject as one included in the prescribed coinse of medical education. 
One short course of Lectures is devoted to this science, and three months 
is commonly all the time allotted to the teacher for laying the foundations 
and building the superstructure of a knowledge of Botany in the minds of 
his pupils, very few of whom come prepared even with the most rudimsen- 
tary acquaintance with the science. To direct the attention of the 
student to a series of isolated facts and abstract propositions relating to 
the elementary anatomy of plants, is to cause him to charge his memory 
or Iris note-book with materials in which he can take but little interest, 
from his incapacity to perceive their value or applications. Some of the 
most important questions of Physiology are as yet in no very advanced 
state, and the conflicting evidence on many of these cannot be properly 
appreciated without an extensive knowledge of plants, 
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But if we endeavour to seize the floating conceptions furnished by 
common experience, and to fix and define them by a course of exact 
practical observation of the more accessible characters of plants (showing 
the relations of these as they occur in different divisions of the Vegetable 
Kingdom), we place the student in a position which enables him to pro- 
ceed at once with an inquiry into the peculiarities of the plants he 
meets with, and in this way to acquire a fund of practical knowledge, 
which is not only absolutely requisite before entering on abstract in- 
quiries, but is especially calculated to secure his permanent interest in the 
study. 

** Physiology is undoubtedly of the highest importance, and from its 
nature is that part of the Science which, were it not for the above diffi- 
culties, "would with most advantage be taught by Lectures. If the 
previous education of medical students prepared them, as it should, with 
an elementary knowledge of the Natural Sciences, we should make 
Physiology the most conspicuous feature of a course of Botany in a 
Medical School. In the mean time we subordinate it to the other branches 
in practical teaching, and in this volume have dealt with it in what we 
regard as its proper place in the order of study.’' 

Since tliese remarks were written, and owing in part to the 
advances made in the Science of Vegetable Physiology, the subject 
has received more attention in this country, while at the University 
Examinations greater stress than heretofore is laid upon it. How- 
ever desirable in one sense this may be, it is at present objection- 
able, because few or no means are open to the average student of 
making himself practically familiar with Experimental Physiology. 
Moreover, the skill in manipulation and microscopical observation 
required for anatomical or physiological investigations cannot 
possibly be acquired in the few months devoted to the subject 
by the majority of students and candidates for examination in the 
Scientific and Medical Faculties. Sooner or later these defects 
in the practical teaching of Physiology will doubtless be remedi^. 
In the mean time, practical tuition in Morphology and the rudi- 
ments of Classification appears to be the best and most ready 
method of training a student to observe, to reflect, and to classify. 
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By its means also the evil effects of the system of loading the 
memory with secondhand information — of no use whatever outside 
the walls of the examination-room, and indeed of but little service 
in the practical examinations (now happily instituted at the Uni- 
versity of London and elsewhere) — may be avoided. 

In the present edition the additions to the Morphological chap- 
ters have been chiefly taken from the writings of Braun, Baillon, 
Eichler, Wanning, Van Tieghem, and others. In this department 
the Editor has also to acknowledge the valuable assistance ren- 
dered him by the Eev. George Ilenslow, particularly in the sections 
relating to phyllotaxis and aestivation. 

In the arrangement of the Natural Orders the plan adopted by 
Bentham and Hooker in their invaluable ‘ Genera Plautarum ’ has 
been followed so far as that work extends. 

The account of the Cryptogamia has been revised, and that con- 
cerning the Fungi written afresh by Mr. George Murray, of the 
Botanical Department of the British Museum, to \\ horn the Editor 
would here offer his cordial acknowledgments. 

The Physiological Section has been mostly rewritten, and much 
has been added to it. Use has been made of Sachs’ ‘ Handbuch 
der Experimental Physiologic der Pflanzen’; of the English and 
French translations of the ‘Lehrbuch,’ of the same author — the 
former published under the superintendence of Messrs. Bennett 
and Thiselton Dyer, the latter under that of M. Van Tieghem, 
whose version is enriched with numerous original notes. In 
addition, the Editor has availed himself of Duchartre’s ‘ Elements 
de Botanique,’ Deherain’s ‘ Cours de Chimie Agricole,’ and more 
especially of numerous recent original memoirs published by Bous- 
singault, Darwin, Tr^cul, Pfeffer, Janczewski, Corenwinder, Van 
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Tiegheiu, Strasburger, Lawes and Gilbert, McNab, Vesque, Baii- 
wenhoff, Warming, and many others whom it is not possible to 
specify in a work of this character. 

Comparatively few. alterations have been made to the chapters 
on Geographical and Geological Botany, which, for their effective 
treatment, w’ould require another volume. The additions in these 
subjects have been chiefly derived from the writings of Hooker, 
Grisebach, Tchihatchef, Williamson, Crepin, and Carruthers. 

Some additional woodcuts have been supplied, whose source is 
acknowledged in the text. 

M. T. M. 

March 1878 . 
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BOTANY. 


GENERAL INTRODUCTION. 

Sect. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCE. 

Botany is that department of Natural Science which deals with 
Plants, their conformation, life-history, relations one to another 
and to the universe of which they form a part. No absolute dis- 

T iction can be drawn between plants and animals. 

At the outset we must be content with the conception of a plant as fur- 
nished by the previous experience of the student ; this will enlarged 
and at the same time rendered clearer by the study of the following 
pages ; and, after the more important principles of physiology have been 
expounded, a clearer notion of the relation of plants to other living beings 
as well as to unorganized or mineral substances may be obtained. 

Botany is divisible into two principal departments : — the Natural 
Histortf of Plants, which deals with the characteristic phenomena 
presented by the individual kinds of plants ; and PhilosopMeal 
Botany, the object of which is to ascertain the general facts and laws 
which pertain to more or less considerable assemblages of plants. 

Philosophical Botany represents the pure science j and it is with the 
departments of this we have chiefly to do in this work. The Natural 
History of Plants, which in early times constituted the whole science, 
resolves itself, at the present time, into a number of distinct branches of 
AppUed or Practical Botany, 

Philosophical Botany includes the following departments : — 

I. Morphology, or the Comparative Anatomy of plants, consisting 
of the study of the outward forms of the diverse parts of plants. 

II. Elementary or Philosophical Anatomy i the study of the 
tissues of which plants are composed, and the intimate structure 
of their several parts* 
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With these two is conTenientlj associated the Termimhgy^ or 
technical language of Botany. 

III. Phymlogy : the study of vital phenomena, or of those pro- 
cesses and actions p^ormed by the living plant, including those 
specially eharactenstic of plants, and also those which are com- 
mon to the animal kingdom, as well as the consideration of the 
general physical agencies pertaining to the mineral kingdom equally 
with the two others. 

IV. which is the study of the mode of arranging 
the kinds of plants in groups and series of groups either “ artifi- 
cially,” when convenience and facility of study are the chief aims, 
or according to their supposed lineage and kinship, and thus to ex- 
press in an abstract form their mutual relations and their degrees 
of perfection in organization. This department includes the 
PrineipUi of Descriptive Botany and of the Nomenclature o£ kinds 
and classes of plants. 

Applied Botany is divisible into many departments. That most 
closdy connected with Philosophical Botany is Descriptive Botany^ 
which is the art of describing the particular kinds of plants in 
technical language, in such a manner that they may be readily re- 
cognized by botanists. Special works are commonly devoted to 
this branch, and are very commonly confined to the plants of a 
limited area, as a particular country or even province ; such books 
are called Floras. Pharrnmeutiml Botany treats of the medicinal, 
nutritious, or poisonous properties of plants. Vegetables posses- 
sing such properties are generally included under the head of 
Materia Mcdica, to which subject special treatises are also devoted. 
Agrictdtwral, Horticultural^ and Economic Botany are often treated 
as distinct subjects : the first two are founded on the application 
of the principles of Physiological Botany ; the last on the ascer- 
tained mots of Comparative and Elementary Anatomy, and on the 
combination of these facts with chemical and mechanical knowledge. 

None of these departments of Applied Botany receive separate treat- 
ment in this work, although inciaental reference is made to them to 
indicate the application of the laws and facts of Philosophical Botany 
to them. 

BfOamcal Cleography and Botanical Geology (or Palaeontology) 
are mixed studies, founded on the association of the results of pure 
and of applied Botany with those of other sciences : the first is re- 
lated most closely to Physiological Botany, but has some problems 
atw gmmsy to be solved only by independent facts and observa- 
tions; the second has some very interesting relations with the 
3cieatiie Classification of plants. These two d^jptmonta, as 
applications of the science, have a peculiar philosophioed interest, 
hut can only be very briefiy alluded to in this volume. 



nrtPB^^BIJOTIQN. B 

In tHe present work, the dilerent departments are txeated of in 
the follovt^ order : — 

Part h Mobphology, or OoMPiau.TiVB AirkTom pp PniOTs* 
2. Byst^ujltxc Botawy. 3. Physiolooy, including Poysiologuoaii 
Abatoky. 4. Gbooeaphioal and Obolooioax* Botabt* 

Sect. 2. METHODS AXD MEANS USED IN THE STUDY 
OF BOTANY. 

Ezammation of Plants. — The study of the morphology of plants, 
to which the first Part of this volume is devoted, necessitates little 
more than a supply of fresh specimens, a penknife, two or more 
needles mounted in handles, and a pocket magnifying-glass of 
moderate power. One of the needles should be of the ordinary 
form, and others with a flat top with a cutting-edge like a 
hare-lip pin. Hoots, stems, and leaves require little or no prepara- 
tion ; and the dissection of most flowers is a very simple operation. 
The majority of the characters of many flowers may be observed by 
simply removing successively the parts with a penknife, and by 
examining them in perpendicular and cross slices. In any case care 
should be taken to detach and observe the parts in regular order, 
so as to ensure an accurate knowledge of the way in which the 
different parts are arranged. Perpendicular sections of entire 
flowers made through the centre and from below upwards are very 
instructive ; and horizontal sections through unopened buds, both 
of leaves and flowers, are likewise necessary for the examination of 
the relative position of the organs and of the way in which they 
are packed. When flowers are extremely minute, and also for the 
investigation of the structure of ovules and seeds, a pocket-lens 
mounted on an upright bar, or a simple microscope, becomes requisite. 
The latter instrument consists essentially of a stand, provide with 
a movable arm supporting a magnifying-glass over a stage upon 
which the object is laid, so that both hands may be at liberty for 
its dissection. The stage is an open frame, upon which a sUp of 
glass rests ; and the object to be examined, lying on the glass 
slip, may be illuminated by a small mirror beneath sending Tight 
through it, or, if required, by a condensing-lens at the side bring- 
ing a bright spot of converging rays upon it. The dissection is 
effected with a flne dissecting scalpel and needles. By their means 
the parts of the flower can be separated one from another so as to 
show their numbers, form, combination, and position with regard 
one to another. 

In pursuing the study of Systematic Botany, the same means 
are used, the only difference bf^gthat the investigaticn of each 
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To those who follow out Systematic Botany in detail, and wish 
to gaiii acquaintance with the species of plants, it becomes neces- 
eary to have access to a Herbarium — that is, a collection of plants 
»o di^ that the specific characters, at least, are preserved. In 
many cases, if the drying has been carefully ejected, the generic 
chariK^rB may be ascertained by soaking the fiowers in boiling 
water, when they become softened and the parts separable, like 
tea-leaves after i^usion. Herbaria furnish materials for the com- 
parison of plants, as it is seldom that a number of species of one 
genus can ^ obtained Sither wild or in gardens in a fresh state at 
one time. Persons living in the country, and studying the British 
plants, will find it indispensable to iorm a collection of dried 
specimens. 



8tiiif.^Tbe itedf Memm^ 

Fhysioi^ ol ]PWts w % far more extamTe 84d |or 
emj^oymei^ of inatromeiits^^^]^ tediiitcal itmnjoiiliiliiimB^ 
oi ftll ^ compotmd mim>^p0 is esseixtiid* l"or Situdoo^ 
]Bagnifyiiig*|)owers of l-rnch^ ^r^inch, &nd |4ikch are amply 
dent^ although the more abstruse quesUons require the most peiv 
feet and powerful iustruments that can be obtaiued. For general^ 
students’ use the binocular micros^ype has no advantage over the* 
ordinary instrument. 

The tissues of plants are observed for the most part by means 
of extremely thin slices passing in various directions through the 
structures. These are usually best made with a razor. 8tems» 
pieces of wood, and other firm objects, when being cut, may be 
Wd in the finger and thumb of the left hand ; delicate and thin 
structures, like leaves &c., should be placed between the two halves 
of a split cork, or rolled round the edge of a cork, and the cork 
supported by sticking it in the neck of a vial or test-tube, which 
serves as a handle. 8eeds and similar small objects ma^ be fixed, 
for slicing, on a piece of white wax. Where it is not imperative 
to examine the tissues in situ, small portions may be softened by 
boiling in water. 

Sometimes it is useful to obtain preparations by macerating the 
softer tissues, either in water or weak adds. In the case of woody 
structures recourse may be had to an operation which requires a 
little care ; a fragment of the wood should be placed in a watch-* 
glass with a morsel of potassic chlorate, to which a drop or two of 
nitric add is added by means of a glass rod, the whole being gently 
heated for a minute or two, and water being poured on to prevent 
complete solution. The fragments macerated in any of these ways 
being placed on a slip of glass beneath the simple microscope, the 
elementary organs may be picked out with a needle or extxemely 
fine camel-hair pencil, under a simple lens of or |-inch focu^ 
and removed to a dean slide. 

The thin slices, or the fragments of macerated tissues, should 
be laid upon a slip of glass, a drop of water added, and a thin 
glass cover laid on. They may then be examined under the com« 
pound microscope. Obj^s of microscopic dimensions, such as 
minute Algss, Fungi, pollen-grains, require no prepi^*ati 0 n« 


* The mixture in use at the Sew herbarium consists of corrosive sublimate 
one Ottuoe, osd^bdie acid one ounce, methylated spirit two pints ; mix. It must 
be used with great care, owing to its poisonous qualities. 
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To render tiasueB transparent they may be soaked in a dilute 
solution of caustic potash for a few minutes. If by this means 
made too transparent, the tissue should be immersed in a dilute 
solution of alum or of hydrochloric acid. 

It is very instructive to apply chemical reagents of various kinds 
to the objects lying in water upon the microscopic slide. Dilute 
sulphuric acid is often useful to coagulate protoplasmic structures 
and to clear delicate tissues ; when this is added first, and afteiv 
wards solution of iodine, the younger cellular structures turn blue, 
while the older ones become deep yellow. Iodine alone colours 
starch-grains blue. Sugar and nitric acid colour the protoplasmic 
structures red. These reagents may be applied by means of 
dropping from a glass rod or fine tube. It is often advantageous 
to 8(^ the sections for some hours in a solution of pure carmine 
in ammonia diluted with water. The nuclei and cell-contents 
become tinged with the carmine, and can thus be more readily- 
distinguished from the cell- wall. More particular reference will 
be made to them in the chapters on Anatomy. Microscopic pre- 
pararions of soft vegetable structures are best preserved in 
glycerine or strong solution of ealcjum chloride. Some objects 
are advantageously mounted in Canada balsam ; these must be well 
dried first, and, for a few days previously to mounting, should be 
soaked in spirits of turpentine. Those who desire to obtain 
minute instractions on the manipulations necessary for the study 
of Vegetable Anatomy, may consult Schacbt’s ‘ Microscope,' trans- 
lated by Currey, or the articles on these subjects in the ‘ Micro- 
graphic Dictionary.’ 

In physiological investigation various pieces of philosophical ap- 
paratus are requisite. It is also often necessary in studying the 
life-history of plants, especially the lower ones, to grow them under 
different conditions and to watch them in their several stages. 
I'or these purposes special appliances and chemical solutions are 
needed. 

Lastly the student must remember that Botany is not an “ exact '' 
science. Barely, if ever, can a definition be framed in any branch of 
natural history which is not subject to frequent and considerable 
j^ception. These exceptions arise from the natural variations 
wbicn occur in all living organisms, either in accordance with 
existing circumstances or as hereditary tendencies. Again, it must 
lie home in mind that Botany is a progressive science, and there- 
fore that the language and terminology in general use is not 
ids^js strictly iiccurate according to the most advanced state of 
; hence many of the terms have to be taken in an arbitrary 
or in a conventional smise^ 
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CHAPTEE I. 

GENERAL MORPHOLOGY. 

General Bemarki. — ^The functions of plants being ciMparativelj 
simple, and, to speak in general terms, limited to those of nutrition 
and reproduction, the p^siological classes of organs are few. The 
immense diversity which presents itself in the Vegetable Kingdom 
depends chiefly upon varieties in the form of Organs performing 
similar functions. In addition to this, the organs of plants are 
displayed externally, not enclosed in cavities or surrounded by au 
integument or shell like that of animals, so that the external forms 
of plants furnish a guide to the disGrimination of their most 
essential characters. 

Plants are destitute of the nervous system and the organs subservient to 
it, and are without the connect^ system of blOod-vessels, bv which, in 
the majority of animals, the unity and interdependence of the nutritive 
processes are maintained. Plants consist simply of organs of absorption, 
assimilation, respiration, and reproduction, all composed of comparatively 
unilbrm elementary tissues, and supported by a sobd framework or skele- 
ton, which is mmre strikingly developed according to the number of organs 
associated in one community, and more diverse in its mode of constrhction 
according to the variety and complexity of the physiological kinds of organs. 

The otgans of plants are not only of few physiologicid kinds, but 
their variations in form depend on secondly mo£flcationB of a 
very few fundamentally diverse elements. The object of Vegetidjle 
Morphology k to ascertain what these elements are, and to topace 
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out the laws under which they acquire the different forms which 
they present in fully developed plants. 

The methods of Morphology consist in the comparative study of the 
forms of organa throughout extensive series of plants, the study of mal- 
formations arising from arrested, excessive, or perverted growth iterator 
logy)j and the study of the progressive development of plants from their 
embryonic forms {organogeny). 

Simplest Plants. — The simplest plants (fig. 1) consist of solitary 
celh or bladders of membrane containing a viscid fluid called 
^protopliurn,^ in whicl) latter the vitality of the plant is concentrated. 
By the aggregation of such cells into threads, tubes, plates, spheres, 

Fig.l. 


A 



Sirapk* oeilul»r plants. 

A. Yeast-plant vogftating. C. Penicillium glaueum. 

B, AapergUhut glaueutt, 1). Mucor Mucedo, 

Muguified 200 diameters. 

and other forms (fig. 1, A, B, C, D), a gradually increasing com- 
plexity is brought about. 

Higher Plants. — What are called the higher classes of plants, 
those most familar to uninstructed persons, are constructed of pre- 
cisely the same elements, but exhibit the greatest morphological 
complexity. The highest class of plants have conspicuous flowers, 
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as in a rose or a tulip, and in their fruit or seed-vessel are one or 
more seeds — henee the name Phanerogamia^ or Flowering Plants, 
The complexity of their structure arises not from the number of 
the organs, but from the more clearly defined limitation of the 
various physiological functions to the different organs, which are 
thus more specialized. At the same time the organs are, ana- 
tomically speaking, more intimately combined together into a con- 
nected whole, and the reproductive powers are more individualized 
and concentrated at particular centres. 

The foregoing may be comprehended by contmating any ordinary 
Flowering plant, having distinct blossoms and seed-bearing fruit, with a 
Fern, where the fruit is borne upon leaves generally of the usual character, 
and again with a Seaweed or a Lichen, in which there is not even any 
distinct separation between stem and leaf-structures, and wherein no leaf- 
buds exist. 

In Flowering plants we readily distinguish, in all stages of life 
beyond the very earliest, two distinct kinds of growth, viz. a stem 
or axis, from the sides of which proceed lateral organs, of various, 
but always definite kinds and forms, such as leaves, &c., which 
become what are called its appendages. In Seaweeds, Lichens, and 
Fungi there is no really similar diversity of parts : the axis alone 
is represented, always devoid of leaf-buds, and therefore of proper 
appendicular organs, the axis itself assuming most varied forms, 
often more or less approaching those of true leaves, but never exhi- 
biting a distinct separation into two kinds of vegetable structure 
such as characterizes the higher plants. A distinctive name is given 
to that class of axes which exist without appendicular vegetative 
organs. Such products as the leaf-like expansion of Seaweeds, the 
scale-like plates or crusts of Lichens, or the fiocculent “ spawn ’’ of 
Fungi, performing at once the functions of stem and root and leaf, 
represent what is technically termed a thallus (fig. 1). Plants 
characterized by the possession of this kind of vegetative structure 
are called Thallophytes, and are contrasted with all the higher 
plants exhibiting the coexistence of stem and leaf, which are called 
Axophytes or Cormophytes (from cormus, a stem). 

But the Cormophytes are again distinguishable into two very 
well-marked groups, by the characters of the reproductive organs, 
which, moreover, connect the lower of the two groups with the 
Thallophytes. The Thallophytes and the lower Cormophytes (in- 
cluding Mosses, Ferns, and allied classes) are reproduced by spores^ 
simple structures performing the office of a seed, but in which no 
embryo or rudimentary plant exists at the period when they are thrown 
off by the parent. The higher Cormophytes are reproduced by true 
seeds^ which are far more highly organized bodies than spores, and 



10 


MOEPHOLOGT, OE COMPABATIVE AKATOMT. 


which are especially characterized by the presence of an embryo, or 
rudimentary plant, which is developed wdthin them while the seed 
is still contained in the parent fruit. .The latter division also is 
characterized by the possession of flowers, while the spore-bearing 
Cormophytes are flowerless, like the Thallophytes, 

By far the greater portion of the plants useful to man belong to 
the Phanerogamous division ; and this includes also the most con- 
spicuous and familiar forms of vegetation, those most easy to pro- 
cure and most easy to study. Hence it is desirable that the 
Plowering plants should occupy a principal place in an elementary- 
work, and, moreover, that they should be examined in the first 
instance, before the student is led into the study of the more 
obscure and minute characters of the Cryjitoyamia. But the study 
of Cryptogamous plants is quite indispensable to the physiologist ; 
while it forms a most interesting department of the morphology of 
plants. It will be found most convenient, however, to defer the 
study of the Cnjptoyawia till after a general acquaintance has been 
obtained of ^low ering plants. 


CHAPTEll II. 

MORPIIOLOGY OF THE PHANEROGAMIA. 

Sect. 1. Genebal Obskbvations. 

General Construction of Flowering Plants. — In any ordinary 
Flowering plant we may readily recognize some of the most impor- 
tant characters of the organization. Taking the plant as a wliole, 
w^e find a stem, furnished below with roots to fix it in the ground 
and absorb nourishment, and clothed above with green leaves, which 
are known to be the organs of respiration and digestion. Taken 
together these constitute the system of vegetative organs, more or 
less complicated in their development and arrangement in different 
cases, and concerned in tlie nutrition and enlargement of the indi- 
vidual plant (in the familiar sense of that term). At certain 
seasons we find, superadded to the foregoing, a system of organs 
constituting the inflo^rescence, and consisting of the reproductive 
organs, provided for the production of seeds (the eggs,” as it were, 
of plants), from which new independent individuals may be raised. 
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The injiorescence consists of one or more flowers^ which, as will be 
shown hereafter, are composed of various kinds of peculiarly 
modified foliar appendages, or phyllomes^ more or less blended 
together into compound organs. Eor our present purpose it Mull 
suffice to describe the general and essential characters of the parts 
found in true flowers. 

The outer covering of complete flowers consists of a circle of 
leaf-like organs, most frequently of green 
colour, and often forming a kind of cup ; 
this cup or circle of leaf-like organs is called 
the calyx^ and its component parts are the 
sepals. Within the calyx of complete flowers 
M^e find one or more circles of ordinarily larger, 
but more delicate, and generally brightly 
coloured leaves; these are likewise united 
together below in many flowers : they form 
collectively the corolla^ and the individual 
parts are called petals. 

Examples of the above may be found in the 
Heartsease, the Wallflower, the riimrose, &c., 
where there exist a green calyx and a coloured 
corolla. In the Tulip the outer parts of the 
flower consist of six similarly coloured organs, 
resembling ordinary petals; while in the l)ock 
they are six greenish sepal-like organs. A close 
examination shows, however, that both kinds of 
organs stand in two circles of three, one within 
the other : hence many authors regard them as 
representing a calyx and corolla of like structure. 

Other authors give the double circle the collective 
name of perianth or pei'Ufone. 

The calyop and corolla have no essential share in the production 
of the seeds ; they merely surround and protect the more important 
organs, either temporarily, or as entering more or less into the 
composition of the fruit, and sometimes they serve to attract and 
retain the insects by whose agency the flower is fertilized and the 
seed formed. The collective term floral envelopes is commonly 
applied to the calyx and corolla taken together ; and either one or 
both of these may be absent in flowers which are nevertheless per- 
fectly capable of producing seeds. 

Within the petals is placed iheandroeemm^ consisting of stamens^ 
or male organs of flowers. Each stamen consists of more or less 
club-shaped bodies called anthers, usually supported upon thread- 
like stalks called The essential character of an anther 


lig. 2. 



illnstratinff the 
compoaition of a IBowit, 
of four tirclea of or|i;unt< — 
below, followed by 
}>etal8y stamens, and car- 
pels, all ariaing from a 
I>ri)louged axis or thala- 
mus. 
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is tBat it contains, and ultimately discharges, the fine dust-like 
sperm-cells or fertilizing globules called pollen^ 

The centre of the flower is occupied by the gynce^cium or pMl, 
the female or seed-bearing part of the flower. Pistils are formed 
of foliar organs corresponding to sepals, petals, and stamens, and 
called carpels ; but these are not alw’ays so readily distiugiiisliable, 
on account of their varying number and degree of union, conse- 
quent upon their being crowded at the apex of the flower-stalk. 
The distinguishing character of a carpel is that it bears ovules or 
rudimentary seeds containing germ-cells. 

As the stamens furnish the pollen by which the germ-cells are 
rendered fertile, the two sets of organs, stamens and carpels, are 
considered essential organs of flowers, without which the purpose 
of the whole structure could not be performed. 

In some flowers, such as those of the Hydrangea and the Snowball-bush 
{Vihurnttm Optilus)^ there is a t(mdeu(*y in cultivation to the abortion of 
the stamens and pistils ; so that the flowers become neuter^ or totally 
barren. But in many plants it is the natural condition for the stamens 
to occur in distinct flow('rs from the pistils, so that the individual flowers 
are imperfect, male or female : we have examples of this in the plants 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, IkKJch, Hazel, or even on entirely different plants, as in the 
Willow and I’oplar, i^c. 

The carpels^ the essential organs of a female flow’er, occur in two 
conditions in Plowering or Sc'cd-bearing plants ; and these two 
conditions form the basis for the ])rimary subdivision of this group. 

In by far the majority of flowers the carpels are folded up and 
their edges united so as to form hollow cases, in the interior of 
which the ovules are enclosed. In such instances the pistil is 
divisible into regions, of which the lower hollow^ portion, called the 
ovary, is the most iinj)ortant: very frequently a stalk-like process, 
the style, is prolonged upward from its summit, terminating above 
in a more or less thickened head, called the stigma, which marks 
the position of an orifice leading down through the tubular or 
spongy tissue of the style into the cavity of the ovary, la many 
cases the stigma is seated immediately upon the top of the ovary, 
without an interveuiug style (Poppy, Tulip). Plants bearing 
their ovules in such closed ovaries are called Aiigiospei'mous, or 
covered-seeded. 

In Pines, Pirs, the Yew, Juniper, and in the exotic family of 
the Cycads, the sexual organs occur in distinct flowers ; and these 
flowers are not only devoid of proper floral envelopes, but are re- 
duced respectively to single staniens and single carpels, mostly col- 
lected into^male and female cones. The anthers of the male cones 
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^TodncepdUn, and the carpels of the female cones produce ovules; 
but the carpels occur in the form of open scales, and the ovules 
are borne upon the surface or the free margins of the carpels, so 
that the pollen reaches them at once, without passing through 
a stigma and style. Plants with flowers of this kind, with 
which are also associated many peculiarities in the mode of deve- 
lopment of the embryos, are called Oymnospennovis^ or naked- 
seeded. 

Much difference of opinion still exists among botanists as to the true 
nature of the female flower in Gymnosperms; but for the present the above 
explanation will suffice for the student. 

The Atvgiospemtia, comprehending the great body of the Flower- 
ing plants, are separable into two very natural groups, which are 
plainly distinct in the mass, although many complex relations exist 
between them. Distinctive characters of the two divisions may be 
found in many parts of the organization of the majority of the 
plants ; but the most general dilfereuce is that which occurs in the 
structure of the embryo contained within the seed. 

In one division we find that the seeds, with few exceptions, con- 
tain an embryo in which we may distinguish two rudimentary leaves, 
or cotyledons^ applied face to face, and having the terminal bud, or 
growing-point of the stem, enclosed between them. In the other 
division the embryo presents but one cotyledon^ or seed-leaf, more 
or loss rolled round the bud, like a sheath. The plants of the first 
division are called Dicotyledonous, those of the second Monocoty^ 
ledonous. 

Dicotyledons and Monocotyledons are naturally divided from 
each other not only by the general characters of their mode of 
germination, but by the stnicture of their stems, the arrangement 
of the skeletons or veins of their leaves (net-veined in Dicotyledons, 
parallel or straight- veined in Monocotyledons), and the number of 
organs in the circles of the flowers (generally in fours or fives in 
the one case, and in threes in the other). These distinctive cha- 
racters will be more fully considered hereafter. 

The ripe seed of the Grymnospermia is very much like that of 
Dicotyledons ; but the leaves of the embryo are either more nume- 
rous, or if but two are present, they are sometimes, but not always, 
slit into lobes, whence these plants have been called Polycotyledonous. 

The germination of the seeds of all the Flowering plants con- 
sists in the emergence of the embryo, more or less completely, from 
the seed, and in the unfolding of its rudimentary vegetative organs — 
the radicle, the cotyledonary leaf or leaves, with the stem supporting 
them, the iigellum, which is sometimes very short, but which termi- 
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uatefl above in a little bud called the plumule ; the subsequent un- 
folding of the plumule gives birth to the first true leaves (fig. 3). 
Here, then, we have represented all the kinds of organs of vege- 
tation which will form the first objects of our inA^estigation, namely 
the root, the stem, and the leaf, together with the buds, or com- 
pounds of rudimentary stem and leaves, which occur at all growing- 
points of the plants possessing these organs. 

The phenomena of germination may be conveniently obserA^ed by sow- 
ing some Turnip-seeds and Oats in a saucer of moist sand coA^erei by a 
bell-glass. The structure of a dicotyledonous seed may also readily be ob- 
serA’-ed by soaking a Pea or a Bean in water, and then peeling off the rind, 
when the pai'ts of the embryo, as above described, may be readily observed. 


Sect. 2. The Boot. 


Definition. — The root may be described in geneml terms as the 
descending portion of the axis, destitute of leaves, buds, flowers, 
and green colouring-matter, but provided originally with a minute 
“ root-cap” at its extremity. Another (character of general although 
not of universal application is, that it is the part of the plant which 
penetrates into the soil, and Avhich serves at once as au organ of 
attachn\ent and of nutrition. 


Fig. 3. 



A DiVotylcdonoTis plant, 

yrith an aaoendmg axis or tigel- 
Jum and a d(«ci»ending axis or 
rodiole, two (sotylodons, and a 
terminal bud or plumule. 


Fig. 4. 



Lily (^fcbe Valley (Convallaria mqjalit), 
with a subterraneous creeping stem 
and adventitious roots. 


s^piplest representetive of the root is a mere cell or tube capable 
of absorbing fluids. Such organs are found in the simplest plants. ^The 
aefimtion above given applies to the more highly oiganized plants • but 
even m these the root^hatrs ore mere cells of the character just mentioned, 
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Ezceptioilfl* — The statement that roots descend is subject to a few ex- 
ceptions in the cases of the lateral ramifications of roots, and of the lateral 
roots formed by parasitical and by certain climbing plants^ which often 
retain their original direction, making a more or less ootuse angle with the 
stem from which they rise. In some Cycada and Arads the root-branches 
ascend vertically. These exceptions are less numerous than the deviation 
of the stem from its general cliar.icter as the ascending nart of the axis, since 
in a large number of perennial plants the direction of tue main stem is con- 
stantly norizontal. Stems of this kind are of frequent occurrence among 
perennial herbaceous plants, and are ordinarily termed by gardeners 
‘^croepi]^ roots:” for example, those of the Lily of the Valley (fig. 4), 
Garden Flag, Couch Grass, &c. Roots, as a general rule, are destitute of 
leaves and leaf-buds, which fact serves to distinguish them from rhizomes 
or rootstocks (stems). But the distinctions between root and stem are 
not absolute: many exceptional instances occur, and some transitional 
ones ; thus, under certain circumstances, roots, as indeed every part of the 
vegetable structure, may be made to form buds, but always from the 
sides, never from the end as in stems. Sf)me trees are especially prone to 
this, and may be propagated by cuttings of the root, such as fiymsjapo- 
nicaj Madura aurantiaca^ the Plum-tree, &c. The root of Anemone 
likewise produces buds very readily. The roots of NeMia hmr 
leaves, while, on the otlier hand, some Orchids, as Epipogon OnuiUni and 
CoraUorhiza imiata^ and some Bromeliads have no roots. 

Origin of the Boot. — The true root of the embryo plant is the 
downward continuation of the axis; but 
the original radicle, the real inferior extre- 
mity of the axis in the Monocotyledons and 
in the stem-forming Flow erless plants (such 
as the Ferns), in most cases speedily ceases 
to grow, and the efficient roots are really 
lateral organs. Where ihe primary radicle 
is developed, wt, have a true root (fig. 5); 
but the roots which are produced from the 
side^ of stems, or from leaves, are termed 
adventitious roots (fig. 4). 

The axial root may be seen well in any seed- 
ling Dicotyledonous plant, as in a young Bean 
or Turnip ; and by watching the germination of 
a few seeds of such plants, the development of 
the radicle into the axial root may be readily 
traced. The axial nature of the root is clearly 
evident in the full-grown plants of most annual 
garden species of Dicotyledons ; and in shrubby 
and arborescent perennials of this class the axial 
root is persistent, growing by annual increase 
into a l^ge woody mass, proportionate to that 
of the ascending stem or trunk. 

The origin of adventitious roots may be observed in germinating seeds 


Fig. 5. 



Boot of the MaIIow {Malm 
rotund^oUa)» 
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of Monocotyledonous plants, such as grains of Oats, Wheat, &c. ; but 
their essential character may be still more clearly distinguished in plants 
which form adventitious roots on well -developed stems p. ^ 
and bud-like structures. The fibrils which sprout from * 

the joints of the stems of numerous creeping plants 
(Ground-Ivy, Mint, 8and-8edge, &c. ), the clamping roots 
of Ivy-stems, the roots of an Onion-bulb, as well as those 
formed from slips or cuttings, &c., afford familiar examples 
of adventitious roots, 

Bamification. — Where the branches of the root 
are comparatively small and the central axis is both / 
thick and considerably elongated, the root is called 
a tap-root (tig. 0); where the branches are deve- /IjJ^ 

loped so that the principal axis is lost as it were in (\ M 

its own ramifications, the root is called fibrous /Ijft 

(fig. 5). The branches issue from the main root 'Jm 

in succession from above downw'ards (not from 
below upwards as in steins), and are, in the ^ 

first instance, regularly arranged in rows one f 

above another. 'J'he number of rows varies in Fusiform tap-root 
different cases ; and the regularity of disposition is caJvZf 

soon lost. “ ’ 

When the tap-root exists in herbaceous plants, it often exhibits 
a more or less succulent character, and becomes a tuberous root^ as in 
the biennial Turnip, CaiTot, Beet, &c., where this organ is peculiarly 
developed in the tirat season of growth, to serve as a reservoir f 
of nutriment. The tendency of such p* ^ 

plants to exhibit this character in excess 

under the influence of stimuli renders * i|^ 

tliem extremely valuable for economic wralr 

purposes. The fibrous rootlets upon the 

surl^e of tuberous tap-roots, like the 

Carrot, Parsnep, &c., appear to be mostly 

true roots. A distinction is made, in 

describing tuberous roots, between those 

which fLTo fu-sifomy as in the Can’ot, and j wSHL 

those which are napiform, as in the 

Turnip. A woody tap-root is found in i 

many forest-trees, as, for example, in If 

the bak; but here the branches share 

more extensively in the increase in size, \ \ i 

and their direction tends more to the a ^ ' * 

horizontal. Fibrous roots are particu- S V 

larly characteristic of plants growing Tuft of fibrous adrentitious roots of a 

in light and sandy soils or in water; 

the perennial, woody forms are especially characteristic of shrubby Di- 
cotyledons. 
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In general terms it may be stated that the form assumed by the roots, 
whether true or adventitious, is in direct relation to the nature of the 
medium in which they grow and the purposes they have to serve as feed- 
ing roots, hold-fasts, or reservoirs of nutriment. 


Fig. 8. 


Adventitious Roots (figs. 4,7) are specially characteristic of, though 
by no irieaus confined to, Monocotyledons and FJowerless plants, 
since their radicles are usually arrested in iheir grou th ; they are 
also necessarily the only kind which can occur upon specimens of 
Dicotyledonous plants winch have been raised, not from seeds, but 
from cuttings, layers, tubers, &c. I'hey arise from the side of the 
stem which gives birth to them, and most readily iu the vicinity of 
buds or leaves. 

Adventitious rods are very 
variable in form aud cojisLsteuce. 

They may be fibrous (lig. 7) or 
tuberous (fig. ^), and are not un- 
comnumly of intermediate charac- 
ter in the Monocotyledons, con- 
sisting of more or less tliick fleshy 
fibres. Either the fibrous or tube- 
rous form may occur e.xtiusivoly 
in groups of adventitious roots, 
or such groups may contain roots 
or rootlets of both kinds. In 
arborescejit Monocotyledons the 
adventitious roots acquire a woody rasoiouiHtt^ advontitious roots oI'jmw 
character and great size; m her- ' ^ ^ ^ 

baceous Monocotyledons they are commonly annual, or, if tuberous, 
biennial. 



The fibrous adventitious roots of Monocotyledons are generally soft, 
much elongated, and little divided, like those ui the base oi’ bulbs of the 
Hyacinth, Onion, &c. (tig. 17^. A mixture of li))rou.s and tuberous adven- 
titious roots, forming what is called a fasvicnlatv root, occurs in Jlcmero^ 
cnllisj and in Manunadm Fivnria (fig. 8), iu which, as in the plant last 
mentioned, the structure is still further complicated by the existence of 
buds, as explained further on uudiir the bead of Tubers. A peculiar modifi- 
cation of this structure is found also in most tciTestriiil Orchids. In SjnrcDa 
filipendtda the fibrous roots exhibit tuberous thickeniiifis at intervals. 

Root-hairs. — The youngest parts of rootlets, whether branches 
of axial roots or adventitious roots, often exhibit a coat of delicate 
cottony root-chairs, which are threail-like growths from the epi- 
dermis {trkhomes), and are thrown off in perennial roots wdien the 
epidermis gives place to the rind. 

0 
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The nature of the root-hairs will be explained ipder the head of the 
Anatomy of Hoots. Examples may be found in seedling plants of 
mustard, in potted Gernniuina {l\dargomum)^ or in the roots of many 
Monocotyledonous bulbous plants and Grasses gi*owing in damp places. 

Media in which Eoots grow. — ^li^oots of ordinary plants bury 
themselves in t}i(3 soil ; ihose of water-plants, usually more succu- 
lent in their texture, penetrate the mud, as in the AV ater-lilies, or 
hang freely down in the water, as in Duckweed and the Water 
Crowfoot A. number of jdants exhibit uhat are called cwnal 
rootSf which are always adxeuiitious : and these may be either tiie 


Fig. 0. 



Sketch of a Manfjrovu-triT {Jlhhopt, jru), ^vith Imc roots dosvtiiiding from the brunches. 


sole radical organs of Ihe ]»lant. or roots devfdoped high above the 
ground but growing down <o reach the soil, or they may be con- 
verted into organs of siJi)])(>rt bn* a weak stem, lu true parasitical 
planf/S, like the JMistletoe, the roots, more or less developed, attach 
themselves to, and become organically blended with, the roots or 
steins of other plants. 

The plants calk'd epiphytes, such as the aerial Orchids, various Araceous 
plants, and inemhers of the Pi no-apple family, are possessed of aerial roots 
alone, 'llie stem of such })lants rests upon some foreign body, such as the 
branch of a tree, totally imcoimected with the earth, and produces long 
adventitious roots which hang suspended in the atmosphere. Koots 
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developed in the air, and subsequently descending, present themselves in 
various conditions. One of the most remarkable is that which is observed 
in the Mangroves (fig. 9) (liliizophoraceao) , where the seed germinates 
in the fruit while the latter is still attached to the tree, and drops down 
its long radicle until it reaches the mud in which these trees grow, so 
that the stem of the young plant is enabled to establish itself firmly in 
the uncertain soil before it detaches itself from the parent. This is an 
axial root. In the Banyan tree (^Ficus mdica) adventitious roots are fre- 
quently developed on the branches, which, descending to the earth, pene- 


Fig. 10. 



PandanuB odoratwai/nt^g, the Sci'ew-pine, witli adveiititiouH root« supporting the trunk. 


trate into it and become supporting columns, which ultimately assume 
the appearance of trunks, and give the tree the appearance of a group or 
even a grove of trees united together at their heads. The roots of the 
arborescent Monocotyledons partake to a certain extent of the same cha- 
racter; and those of Palm-trees are observed, to arise successively one 
above another in a spiral course near the base of tlie stem, gi*owing out- 
wards and downwards to penetrate the ground, the older ones ultimat^dy 
decaying. In the Screw- pines (Pandamts, fig. 10) this is still more 
striking and distinct, as the spiral line which they form is more open, 

c2 
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and the roots arise a long way up the stem ; here also the older roots and 
the base of the stem decay, so that the whole plant comes to be supported 
by the lateral adventitious roots, as on so many props. Aerial roots 
becoming organs of attacihment may be seen in the climbing stems of Ivy, 
of the garden Bignonia {Tecoma radicam)^ &c. 

Parasitic Plants developed from seeds ])resent, in their earliest stages, 
a radicle which in some cases becomes developed, in others not, or only in 
a pwuliar manner. Some germinate in the usual way, in the earth, and 
their roots seek out those of their proper nurse plants, to which they 
attach themselves organically, others superficially or by penetrating deeply 
into the interior j in such cases they may be wholly parasitic, as in the 
leafless Broom -rapes {Orohanchuep(e) , or only partly dependent, as in 
TJmium^ Hhinanthus^ and Melawpyrum. Others germinate in the usual 
way in the soil ; but their young stems attach themselves to those of 
other plants by adventitious roots developed at the points of contact, while 
the lower part of the parasite, connected -wuth the ground, soon dies away, 
as in the Dodder {Cmcuta). The woody parasites, Mistletoe {Visciwi), 
Myzodendron, and others, are devolop(‘d from seed upon the spot where 
they are attaclunl. In the Mistletoe, the seed clings hy its viscid pulp ; 
m Myziidendron by coiled hairy arms; and when the radicle sprouts, it 
drives its way through the rind of the nurse plant until it roaches the 
cambium layer, wJiere it connects itself organically, becoming grafted 
exactly like a budded rose. No further dev(dopment of I’oot-structure 
occurring luire, the full-grown plant appears rootless, and lilve a branch or 
graft upon the nurse tree. The earlier stages of growth of the Ithizantln'ie, 
root-parasites coinpostid chiefly of inflorescence, are not known ; probably 
they are analogous to those of Visc^un in the first instance, but with tlm 
addition of horizontal gi-owths of stem-structure benoatli the bark of the 
nurse plant. 

Characters presented by the Boot, &c. — Tlie points to be spe- 
cially attended to in studying and describing the root, such as the 
form, ramification, &c., may be gleaned from what has been before 
stated and from the Section on the Description of Plants. 

Sect 3. The Stem. 

Definition* — The stem is the ascending portion of the axis of a 
plant. It is usually chaimderized by its growth taking place in 
a direction contrary to that of t he roots, and by bearing on its sides 
regularly arranged leaves or modifications of leaves, forming the 
lateral or ajt^^endicular organs. The term caidome is ajiplied in a 
comprehensive sense to any stem or branch or to any modification 
of those organs bearing leaves or modified leaves, phyllornes, 

Exceptions* — An exception to the ascending growth occurs in the case 
of C3*eeping stems, where the main axis takes a more or less horizontal 
position j but the first shoots of such plants, developed from their seeds, 
ascend, and the secondary axes, w^hich bear the efficient leaves, assume the 
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erect position, as is seen in the tufted habit of growth of plants with a 
subterraneous main stem. (See also p. 15.) 

Buds. — Every stem is developed from a hud, which consists of a 
conical rudiment or growing-point of the stem bearing rudimentary 
leaves crowded upon its sides. The primary bud of the stem of 
EJowering plants presents itself as the plumule (fig. 3) of the embryo ; 
and so long as this axis continues to grow, a bud (the terminal hud) 
is found at its extremity. The branching of a stem depends upon 
the development of lateral buds, which, as a general rule, appear only 
in the aoJil or upper angle between the base of a leaf and the stem, 
whence they are called axillary buds. 

There is in many embryo plants a small portion of the axis intermediate 
in structure as in position between the true root and the true stem (fig. 8). 
This hypocotyledonary axis or tiyellum sometimes gives ofl‘ shoots, by 
which it may lie distinguished from roots ; moreover it is either cylindrical 
or tapers upwards, while a root tapers in 
the (jpposite direction. This hypoco- 
tyledoiiary axis forms the trunk of the 
extriiordinary plant called WelwitscMuy 
hereafter described. 

Nodes and Internodes. — The 

place whence a leaf arises marks 
the position of a structural region 
endowed with special physiological 
activity; it defines externally a 
point where the internal tissues have 
a peculiar arrangement. Hence a 
particular name is applied to it, that 
of node, Sometimes a kind of arti- 
culation of the stem occurs at this 
point, but not as a general rule. 

The intervals between the points of 
origin of leaves are called the inters 
nodes. In buds, the internodes are 
not yet developed. In a large 
majority of ascending stems the 
internodes become considerably de- 
veloped, so that the leaves ulti- 
mately appear stationed at distinct of bi-armg 

, , 1 T 1 i crowded on a stem, with undeveloped 

intervals. In many subterranean inte^odea. The abort stem seen in 
stems, at the lower part of the 

stems of many herbaceous plants (fig. 11), and in the trunks of 
many of the arborescent Monocotyledons, the internodes never 
become much lengthened, and the leaves in consequence appear 
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closely packed and more or less overlapping in the full-grown 
plants. Such plants are sometimes, but erroneously, called acaw- 
kscent or stemless plants. 


The relative development of the intemodes is next in importance to 
the order of arrangement of the axillary buds in affecting the general 
forms of stems. A clear idea of the conditions may be obtained by 
examining, in the first instance, what occurs in the unfolding of the bud 
of such a tree as the Horse-chestnut. In the bud the enveloping scales, 
the rudimentary leaves, and even the blossom may be distinguished, 
crowded on the uiidt*veloped axis. As the leave's emerge and expand, 
they become separated from each other by tlie elongation of the iiiter- 
nodcs of the stenn, until at length tluw stand at considerable distances 
along the sides of a sheiofc sover/il feet hmg. This may be illustrated by 
comparing it to the separation of the joints of a telesce)})e, when its 
lengths of tubes are successively pulled out Examples of pcrmaueutly 
undeveloped mternodea are seen in tho rosette-lihe otfslioots of House- 
leeks and of many other hevbaeoous perennials — in tho first season’s growth 
of such plants as the Tin nip, Carrot, ( ■nnterlniry-bell, and indeed of 
most biennials, wJiere the leav('s all app(*ar to arise from the root — in the 
bulbs of many Moiiocotvledons, such as t he Crocus, Hyacinth (fig. 17j, 
&c. In those castes the liowering axis which subsefiuently appears often 
develops its iiitorriodiss consider- 
ably, and rises as a tall stem. An 
intermediate condition is met wi t h 
in stems which are ehmgated, but 
have tlu^ leaves closely overlap- 
ping, as in tlie common Stone- 
crop, many Coniferous trees, many 
Palms (fig. ♦'53), &c. ; and a simi- 
lar condition exists in tlie sub- 
terraneous root-stocks of various 
plants, where tho imp(;rfect 
sheathing leaf-scales succeed 
each other at short intervals. 

Kegions of the Stem.— In 

the embryo of a Ploweriiig 

plant it is scarcely possible to 
define the limits even of tho 
stem itself, whicli loses itself 
above in the plumule, and be- 
low in the radicle. But in 

fully-developed sttnns, a gen- 
eral division into throe regions 
mav be distinguished, accord- * o ... 

. . J.1 1*^* j i* 1 i 1 h\folm with a creeping rhi- 

ing to the kind OI lateral zome bearing le<ff-fieale», an erect leafy Btvm 

organs which they bear, viz “ mHon^enc-e with m . 

1. The Leaf-scale region (fig. 12), which is mostly subterranean 
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in its habit, and presents itself with more or less of the external 
appearance of a root, ol‘ an enlarged fleshy bud, or of a combination 
of these two. The leaves upon this are never green, but are of 
fleshy or membranous texture and simple forms. Leaves of this 
character are found on the outside of buds. 

2. The Lm/ region, forming the ascending stem of plants gene- 
rally, especially characterized by the green colour and great de- 
velopment of the foliage. 

3. The Bract region, which is also knonm as the L} florescence., is 
distinguished by its smaller, more delicate, and sometimes coloured 
leaves, the axillary buds of wliich prodiictj flowers. 

The extent, both positive and relative, in which these regions are re- 
presentotl is diflhr'nit in alim)st every plant; hut a tew general statements 
may be made serving tt) illustrate the subject. The leaf-scale region is 
developed chiefly in plants ; and the principal modi- 

fleations of it will be examined below under the heads of Itnizonies, J Jiilbs, 
and allied structares. It may be observed that the leaf-scales or abortive 

Fig. 13. 



OiaOTam of a plant of Veronica hedert^olia, 
where the leaf-scale region beni*e the i'oty- Diacram of a plaat of Veronica 

ledons x, x, and the rest of the stern is a Cham>i;drj/e. The lower part is a 

true-leaf stem with flowex’s in the axils of true- loaf htem, and its branehea 

its upper leaves. are* bract-stems or inflorescenoe^'. 

The roots proceeding from tl o 
stem are adventitious. 

foliaceoiis organs are almost exclusively composed of the stalks or sheaths 
of leaves, without any part con’esponding to the blade ; exceptions to 
this, illustrating the" rule, occur in tmiicated bulbs like the Ilyacinth 
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(fig. 17), where the inner scales hear a green blade standing out free at 
the top of the bnlb, and again in various subaquatic Grasses with 
creeping stems, in which the lower parts of the annual shoots often exhibit 
lar^e open sheaths with small rudiments of blade at their summits. The 
region bearing perfect leaves forms the principal part of the axis in arbo- 
rescent plants, where the leaf-acah* region occurs only at tlie points where 
the protecting scales of the autumn buds are produced. The scars of the 
leaf-series, crowded together from the non-development of the internodes, 
are very visible at the base of the yearly shoots of many trees, for ex- 
ample, of the Ilorvse-chestuut : other trees reproduce, as it were, their 
cotyledons at these points ; the dasmino, for example, exhibits a pair of 
broad undivided h^avivs near the base of each annual shoot. In annual 


plants the leaf-r(‘gion is predominant, but the brnct- 

region is relatively more developed than in trees ; Fig. W. 

and the saim^ holds good of perennial herliaceoiis 

plants. In arborescent plants tlie bract-region usually ftw/fn ' 

does not present itself until the leaf-regions of many 

years have b(‘en formed, and even then it is generally 

formed from branches of the axis wliich liave a sub- 

ordinate share in giving the spc'cinl form to the entin; 

plant ; sometimes, howov(^r, the form of the rjimilica- 

tion is mucli affected by tin? position of this region, as 

in the Horse-chestnut, Lilac, and other trees, where Tjy 

the terminal buds of shoots are developed into an in- \W 

flortjscence, wliich of course puts a stop to tlie onward v f 

growth at th(5se points. L 

Leaf-scale Kegion. — The loaf-scaled stem, 
found especially among hn^haceonii perennial plants, 
or such as live for sev(^ral years without forming 
a permanent woody stem above ground, is seldom 
continuous with an axial root ; on the other hand, 
it is very ])ron(»- to jirodiice adventitious roots, as ‘ W 
is natural to its usual ly subterranean or creo])- Dia{rram or a plant of 
ing mode of growth. When its internodes fire . (fr(ichm(eg. 

regularly although slightly developed year alter and brac t n>^jions 

year, it forms au abbreviated stem, honzontal or ?n th^r^ine 
aseending, either below or above ground. If the 
main axis persists, producing a few branches each year, and as 
it grows at one end slowly dies auay at the other, a more or 
less root-like structure is produced, termed a root-stock or rhizome 


(fig. 12). If the growth of each axis decays auay at regular in- 
tervals, so as to isolate the products of the succeeding axes, the 
result is different, and, instead of a branching rhizome, the axis 
resolves itself into a number of detached portions, in the form of 
comis. If these detached portions are chiefly com])osed of leaf- 
scales, with the undeveloped stem small, so that they represent 
enlarged buds, they are called dulhs (figs. 16 & 17). Another re- 
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productive structure belonging to the leaf-scale region of the stem 
is the tuber (tig. 19), which consists of a fleshy thickened subter- 
ranean axis, arising in the axil of a leaf-scale, Jiaving its own iu- 
ternodes considerably developed, so that its leaf-scales are scattered 
and cover isolated buds or “ eyes.” Tubers of analogous character 
are sometimes formed from aerial branches, as in many epiphytic 
Orchids, where they have a green colour and are known as pseudo- 
bulbs. 

Bulb. — The bulb (fig. Id) is a stem remaining permanently in 
the condition of a bud. Its axis consists of a disk or short coni- 
cal plate, from the upper surface of which arise leaf-scales of 
fleshy character more or less overlapping ea(;h other and enclosing 
the points of growl h, while one or more circles of adventitious 
roots are given off from the base (tig. 17). Bulbs are named, ac- 


Fig. 10. 


Fig. 17. 




Scaly bulb of Lilium candidum, with 
adventitious roots. 


Tuni(?at.*d bulb of the Gar<l(*n Hyac inth, put 
through perp«indi<:ulaHy,Khowingthc leaf- 
scales arising from the abbreviated stem 
(6), and the young bulbils or (doves (a, o) 
formed in the axils of leaf-scales. 


cording to the character of their leaf-scales, sutly or squamose when 
these only partially overlap (Lily), and tunieated when the scales form 
complete sheaths (Onion, Hyacinth). Bulbs produce flowering 
axes either from the terminal or from axillary buds. They are 
multiplied by buds developed in the axils of the scales in the form 
of new bulbs (tig. 17, a, a), which sooner or later become detached. 
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When a bulb flowers from its terminal bud in its first season of 
growth, it is annual ; when it only strengthens itself by forming 
scales in the first season, and flowers from the terminal bud in the 
second, it is biennial ; when it flowers from an axillary bud, the 
terminal bud may be develo})ed in the same form indefinitely and 
form uj^erennial bulb. 

The number of leaf-scales constituting the mass of a bulb varies much 
in difiereut plants : in and others there exists only one; AUmm 

oleraeeum has but two; the Chrden Tulip and Crown Imperial hare 
comjparativejy few sealers wliilo tlio Lilies and the Hyacinth (figs. 16 & 
17) nave nuiuerous coats or scale.s. A little explaiintioii is requisite as 
to the terms mmuul Ac. as ajqilied to bulbs. Wo liav(i an example of 
wliat is called an annual bulb in the ( larden Tulip. As plant(‘d in aiitiiimi, 
it is a bud composed of four or five scales enveloping a central rudimen- 
tary flowering stem wdiich terminates the main axis. In the axil of the 
out(jr 8ca](3 there is an axillary bud. As tlie flowering stem is developed 
the old bulb shriiiks, while the axillary bud bticomes more and more 
perfect; so that, afteu’ the flowering sc'ason is ovtu’, it forms a now 
bull), to the side of which the witluu'ed remains of the old one are 
attach(3d. The tej’minal point of the new bud rtjpeats the flowering, and 
its outer scale (sometimes the next also) siihtorids an axillary bud destined 
to become a new bulb iji the next season. Such bulbs are sometimes 
called pravcntitiiymj since the bulbous structure of any given axis is 
forimKi before the true leaves and flower. The Crown Imperial (Fniilaria 
tmpcrmlis^ affords mi example of a biennial bulb. Examined in the 
autumn, it is found to consist of fleshy scales produced at the lower part 
of the axis which has just flowered; wdiilc a bud seated in the axil of the 
innermost of these scales is already develojjcd, and by tlie decay of the old 
flowering stem has come to occujiy the centre of the bulb. In the next 
season this bud flowers ; at first it* is surrounded by the scales of its 
parent axis ; but afim’ the flowering is over, these very quickly shrivel up 
and disapnear, the axis which has just flowered giving origin at its base 
to a number of scales replacing tliem ; and while the flowering stein 
decays away down to these scales, a new axillary bud is developed in the 
axil of its iniieriuost or uppermost basal scale. Tims the bulb always 
benrs growths belonging to two seasons on the same axis : the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
serve for the support of the flower of the next axis. Such bulbs are 
sometimes called posfventiiions'^ and may be termed definite to distinguish 
them from the next kind. Perennial tiilbs differ from the foregoing in 
retaining the products of the condensed axes of several years in a healthy 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacinth 
(fig. 17) when it is flowering by its terminal bud, we find the base of the 
flowering axis surrounded by several leaves belonging to itself; the whole of 
them stand in the axil of a scale belonging to the preceding year, which also 
contains the short remnant of the flower-stalk of that year ; and to this 
scale succeed several more, all belonging to that same axis ; these more- 
over snind collectively in the axil of the innermost of a series of scales 
belonging to the year before, remains of the flower-stalk of which are 
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also sometimes visible. Finally, on examinini^ the axil of the innermost 
green leaf of the present year, we find, nestled between it and the base of 
the flower-stalk, the bua which is to form the axis of the next year. 
Therefore this bulb possesses structures or axes belonging to four distinct 
generations. The bases of the green leaves expand into fleshy sheathing 
coats after the flowering of the axis which gives rise to them ; and the 
decay of their blades, which extends to the summit of the bulb, gives 
rise to the ragged or bitlen-oif a]>pearance of the latter. These bulbs are 
postvmtitious like the last kind, but may be distinguished from them as 
imlejinite, 

Corm. — The corm more or less resembles a bulb externally, but 
consists principally of a stem witli little-developed iiiternodes, 
thickeued into a fleshy body, and bearing leaf-buds at one point, 
either at the summit, as in the Crocus (tig. 1 8), or at the side, as in 
Colchimi7}i, 

The corm of a Crocus examined very early in spring exhibits a primaiy 
axis in the form of a roundish mass bearing the adventitious roots below, 
and giving rise above to imv. or sev(‘ral tufts of leaves. The bases of 
the leaves, outside which are a f(‘\v membranous scales, being at first 
sunk in the })arent axis, tliese tufts or rudiuientary branches are not 
readily distinguished as secondary axes; but the 
terminal hud sot)U grows out to ]»roduce the tlower. 

After tlio fictweiing is over, the internodcis be- 
tween the scales and the bases of the gi*een leaves 
become developed both vertically and also hori- 
zontally, so as to convert the base of ea(di tlower- 
ing stem into a new corm. When about Jialf- 
growri the new conns stand out as globular bud- 
like structures t)n the t(tp of tbe old corm, which 
is gradually exliaustod, and decays away, so as 
to set its progeny free. In the axils of the upper- 
most leaves of the flowering stem aie de\'eloped 

new buds (which exist even before the corm be- Corm of the Garden Crocus, 
gins to sprout in spring) ; and as tbe new conns through perijendicu- 
are perfected, the buds imbeddtid in their summits 

form tlie rudiments of the k‘aves and flowers of the next season, sprout- 
ing out in the spring, each to re})i'oduco a corm. Hence in a corm taken 
out of the ground a short time after the flower withers, we find three 
sets of axes : — 1, the withering parent conn ; 2, the young corms branching 
from this, formed from the bases of the tiowering steins ; and, the 
axillary buds of the leaves of the latter, forming the resting buds at the 
summits of the new corms. 

In Calchicum autmnnale the conditions are somewhat difterent. When 
the plant is flowering, in autumn, we find the flowering stem attached to 
the side of the base of the corm ; the flowering stem is surrounded at its 
base by sheathing scales and rudimentary leaves ; in the axils of the two 
lowest leaves exist minute buds, and the interuodes between these leaves 
are slightly developed. The flowering stem then withers down to the 
ground, and during the winter the internode between the two buds swells 
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and forms a new corm, the old one shrivellinf?: up. The leaves appear 
above jrround in the sprinpr, proceeding from the apex of the conn, and 
the bud at the side of its lower end shoots out to form a new lateral stem, 
which produces slieaths and rudiinentarj' leaves, and ultimately forms the 
flowering stem of the next autumn, the base of which repeats the forma- 
tion of a corm in like manner and shoots up its tuft of leaves in the fol- 
lowing spring. The conn being formed from the internode between the 
buds, tlie lower of these is, to a certain extent, basilar as well as lateral, 
while the upper one appears near the top of the perfect corm, rather to 
one side, near the scar of tlio old leavers and flower-stalk : this bud may 
or may not be developed into a corm simultaneously ; hut in any case 
it becomes detached from its lellow when the old corm shrivels up, and 
thus may multiply the plant. 

The corm of Arum mavulaium^ examined in spring, exhibits two lobes, 
with an intermediate coiiHiriction j they lie adjoined horizontally : the 
conn of the past year is shrivcdled ; the other is solid, and at the summit 
exhibits sheathing scales enveloping the base of the erect flowering stem. 
Opening tlie sheath, which turns upward, we see that the flower arises 
from a terminal bud, while in the axil of a leaf arising below it exists a 
bud wliich is destined to sw^ell up and form a rn^w corm for the next 
season, the oldest one meantime withering away ; so that two genera- 
tions with the rudiments of the third always coexist ; these generations 
jiiay (consist of a great(*r number of individuals when additional corms 
arise from the axils of several of the scales of the parent corm. 

Tubers. — The stern-tuber is either formed 
from the base of a stem, or from a branch 
arising from a subterraneous leaf-scale (fig. 

20), developed either partially or entirely into 
a thick and fleshy mass, by expansion of its 
spongy structure, its own leaves appearing 
in the form of rudimentary scales, in the axils 
of which exist dormant buds, or eyes, capable 
of producing independent stems when the 
tuber recommences its develoirment after a 
season of rest. 

Axial tubers occur in many herbaceous plants, 
as in Corydalis hulhom ; wdien of amui.al dura- 
tion, those are essentially the same as conns. 

The tuber of the I*otato is a familiar example of 
the stem- tuber formed from a branch, in which its 
characters may he readily observed ; a number of 
leaf-scales at the base of the “haulm” send out 
subterraneous branches, which at some distance 
from the point of origin cease to elongate, and 
swell up into tuberous masses. The tubers of the Jerusalem Artichoke 
(fig. 20) are analogous productions. Stem-tubers passing more or less 
into rhizomes form the so-called roots of the Bryonies ( Tamtis communis 
and Biyonia dmca)f of the Sweet-potato (Cofwolvtdm Batatas), and the 


Fig. 19. 



Tuber formed at the base 
of the stem of JBunium 
B'ulbocaslanum. 
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Fig. 20. 



Stum-tubers of the .Jerusalem Artichoke {Helianthus tuherosm). 
species of l)lomyrea yielding yams.^’ TJie tubers of the toiTBRlrial 
(Jrcliids are chiefly coni})osed of radical structni'cs. If oxainirn^ llto 
twin tubers of Orchin Mono (fig. 21 ), we find one at the base of the 
flowering stem {(i)y which towards the close of the season is withertnl, 
while tlie other (6), crowned by a bud (*), is solid and healthy : in the 
axil of the lowest leaf of tliis bud exists another bud in a rudinientary 
state ; and as the oldest tuber shrivels, this swells out and assumes its 
form, in the next season appearing as the bud-tuber, while its parent 
becomes the tuber of tlu^ ilowering stem. The greatest part of the 
mass of these tiibors consists of a swollen adventitioiis root, wdiich is 
intimately blended with a few little-developed stem- internodes and the 

Fig. 21. Fig. 22. 



Double root-tubers of Orchis Morio: 
a, old tuber ; 6, new tuber with the 
bud * for the next season. 


Double palmate root-tubers of Gt/mna4enia 
vdorafiftsima : a, old tuber at the base of 

rAA • 7i uri4*li 
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termiml had. In some cases these tubers are rounded ; in others thev 
are divided below, so as to become palmate (bg. '2'2). The tubers of 
Bunium (iig. 1 0) belong to the root 

KMzome. — The rhizome or root-stock is a body composed of 
an indefinite number of corm-like axes permanently connected 
together, so as to form an elongated, root-like stem, more or less 
clothed with leaf-scales (fig. 23). Its internodes are generally 
little developed ; sometimes, however, regions with doweloped in- 
ternod(is alternate with others wherein they are iindey(doped, 
giving a nodose character : when it has the internodes much de- 
veloped (figs. 12 & 25), it approaches in cliaracter (through 
“runners” &c.) to creey)ing leafy sterns. Its texture and appear- 
ance vary from herbaceous or tilrrous (fig. 25) to tuberous (fig. 23); 
its direction is usually liorizontal, though in some eases it is vertical 
(fig. 24) ; and in th(^ m;i jority of (*ases iti gi'ows under ground. 

Ijxam]di;s of the rliizem<‘ arc very niinierons among herhacooiis peren- 
nial plants, both Dicotyledons and JNfonocotvledons. The Iris affords 
an example of a tidn'iNais rhizome which may he understood hy com- 
paring it with a conn like that of/l/v/m maculatfmi, and by snj)posiug 
that the older portions of this snrviyo for many years, so as to mrin a 
creeping, more or hsss hraiudn^d mass. Tli<‘ Solomon’s Seal (tig. 2.S), Sweet- 
flag (.4c*orM.v), (xingor, Wat(U*-lily, A'c. alford ot]i(?r wdl-known examples. 

Fig. 24. 


Fig. 23. 



Bhizomo of Holomon’e {Convnlinrin polyqonafurti) i 
a, bud fornoxt yrar; '/;, llowt'pju;^ wti*m of tlio proH«*nt 
year ; c & (/, sours of the ilowering stems of two i»re- 
oeding years. 


Vertical rhizome of Cicnta viroaa, 
cut through per])endioularly. 


Ill some of these (called definite rhizomef) the flowers appear to he pro- 
duced hy terminal buds,wJiich take an ascendingdirection and lose them- 
selves in the inilorescenco, the onward growth of the stem being effected 
by means of' axillary buds. In others (imh^nik^ rhizomes) the growth 
is continuous by the formation year after year of a terminal leaf-hud. 
Rhizomes of more solid texture,* hut of analogous construction, occur iii 
many Ferns, as in Aspidhim Filia-mas, also in most of the Rushes 
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(Jiincus), and a ?n’eat variety of herbaceous picotyledoDS, such as the 
Primrose, &c. Certain widely extending creeping plants afford examples 
of rhizomes with developed internodes, as the Sand-Sedge (fig. 2*5), tlie 
wire-like rhizome of which extends for many yards under the loose sand, 
sending up leafy shoots at regulai* intervals; the stems of Coiich-gims, of 
various Mints, and other Labiate plants ; as also of certain Ferns, such as 
Lastrcm Thelypteris^ and of the IlorsclJiils &c. When tlie 

rhizome is erect it has much of the aspect ol’ a root ; and the ordinary 
form was termed by the old writers a premorse root, the decay of thb 
lower end giving it the appearance of having been gnawed off. lixainples 
of this are not uncommon, as in the Seahiosa succisa — in various Unibel- 
liferm, as Cicuta virosa (fig. 24), where the abbr(ndated internodes form 
discoid chambers corresponding with the fistular internodes above, and in 
the Lady-fern {Athyrium Filu-famma)^ which consequently rises above 
ground like a dwarf tree-fern. In Sparr/animn rnmomm we meet with a^ 
curious alternation of condensed and elongated int(‘rnodiiS, so that the 
rhizomes appear to consist of a number of conns connected together by 
branches into an erect candelabruni-lilfc assemblago. 

Fig. 25, 



buml-beugif {Carex arenarim), thfCTtM^ping llbroua rhizomes rooting at the nodes and 
sending up flowering stems. 


The tme-leaf Region. — The leafy stem, or region bearing green 
foliaceous organs, grows above the soil, either in air or water, ex- 
posed to the influence of light. Its form and structure are ex- 
tremely varied, depending chiefly on the mode of development of 
the internodes, the arrangement- of the leaves and mode of deve- 
lopment of the buds, and the extent to v\bi(*h its existence is pro- 
longed. The first cause regulates to a givat extent the form of 
the axis, the second the mode of ramification, and the third the 
size and consistence of the full-grown organ. The principal inodi- 
iications may l>e most conveniently studied under the heads of— 
1. herbaceous^ and 2. woody stems. 
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Herbaceous stems, or such as do not become Woody, but die 
down to the ground in winter, are produced by aniiuai and biennial 
plants, and in each successive flowering axis of herbaceous peren- 
nials ; to these also are analogous the yearling shoots of arbores- 
cent plants. Taken by themselves, they are either annual or 
biennial ; that is to say, they bear on the same axis green leaves 
belonging either only to one or to tw-o seasons of grow^th. Annual 
herbaceous steins alone, of course, occur on true annual plants : 
they are produced also by those perennial herbaceous plants which 
send up a flow^ering stem from btuiealh the soil in spring; and 
with these are to be ineliKbd most plants forming bulbs and 
conns. 

Ill ordinary annuals tlie plnniuk* or terminal bud of the seed shoots up 
at once into a more or less branched flowering slcmi, and the entire plant 
dies away after tlu; stands are perfected in autiinin. bAainples of tliis 
form may be seiui in llie Sweet f Woniea Itfclrrfrfolia (fig. UI), &c. 
In many pcr<;nnial lierbaceous ]dants forming rhizomes, and in most 
bulbous plants, a subterraneous bud shoots up in the early part of each 
season ol growth, bearing green heaves and forming a flowering stem 
(fig. b)-j ill tli(^ autumn the whole of these structures disappear (c, d), 
while resting buds (c) are formed in tbii axils of the low’tr leavers beneath 
the soil, to repeat th(‘ growth in the following s(*ason. We have examples 
of this kind of stern in the Solomon’s Seal, (larden Pfeouy, Aconite, 
Asparagus, Sic. young fleshy shoot with nidinientary leaves wdiicdi 
these plants form in (UirJy spring is sometimes called a turio (this is ex- 
emplified in the edilile part of the Asjiarngus). The leafy flowering 
stems of bulbs and tubers, such as those* of the Lily, Potato, Orvhisj &;c., 
furnish liirther examples of the annual herbaceous stemi. 

Biennial herhaceons stonis arc found in true biennials and many 
herbaceous perennials, ^ilicy are distinguished by the lower part 
of the axis producing grtHm leaves in one season, and the iq^per 
portion growing into a flowering stern in the following year. 
G-enerally spetiking, the ir^ternodes are little develo})ed in the 
growih of th(^ tirsi season, and the ]ea>es are often larger as well 
as more crov^ ded ; they also freciuently die away early in the second 
season. 

Examples of the biennial herbaceous stem are o be found in such 
true biennial plants as the Turnip, the Thistle, Parsley, &c. Here, w'hen 
the seed is sowm, it produces a stem witli scarcely developed intemodes, 
supporting a number of len^ es wdiich form a kind of tuft or rosette upon 
the ground ; this growth remains almost at rest during the winter, and 
in the succeeding spring tlu* terminal bud shoots up into a flowering 
stem. Sometimes 8e^'eral axillary buds also gi*ow up into flowering stems, 
giving rise to the condition called radix mnlticeps:^^ this may occur 
either in biennials or perennials. A similar kind of stem is found in 
such perennial herbaceous plants as the common Daisy, the Dandelion, &c., 
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^\ liere axillary buds are produced at the base of the dyiuf? floweriug 
stem in autumn, and grow up above ground at once to form leafy tufts, 
lasting through the winter, and giving birth to lloweriiig stems "in the 
next season. 

Offsets, Runners, etc. — The leafy shoots of perennial plants, 
with their axis and adventitious roots, may be separated artificially, 
and used for propagating the plant (gardeners call this “ parting 
the roots ^’) ; and certain plants are na.t;urally multiplied in the 
same way, by buds or branches wdiich have received special names. 
Thus the herbaceous dowering stems of the llouse-leoks (Semper- 
vivtnn), after flowering, produce buds in the axils of their lower 
leaves which expand into leafy rosettes. parent stem dying 

down, these are thrown off as detached plants, and strike root ; in 
the following season they send up a flowering stalk and repeat the 
process. The separating tuft formed in the autumn is called an 
offset or stolon. The Strawberry-plant in like manner produces, in 
the axils of its leaves, buds which in the same season expand 
several of their internodes, and form long filiform branches, the 
buds of which give rise fo rosef tes of leaves, and strike root, and 


Fig. 20. 



strawberry plant; with runners. 

thus form independent plants ; such shoots are called runners 
(fig. 26). In all these cases the herbaceous flowering stem is of 
two years’ growth, its branching portion belonging to the autumn, 
the ascending flowering portion to the succeeding spring or 
summer. 

Special names have been given to certain forms of the herbaceous stems, 
some of which are not very definite. Botanists sometimes call the stem 
of Grasses a <mlm» 
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Woody stem. Buds. — The stem characteristic of arborescent 
plants presents itself in two principal classes of form ; — one, 
where it is branched, constituting a trunk (trwieus); the other, 
where it is an unbranched column, bearing its foliage as a terminal 
crown, forming what is sometimes called a stock (caade.v)» 

These differences depend upon the number, position, and mode of 
development of the buds, only a few of which, in most cases, lengthen 
into shoots, the others hecoming arrested in their growth. When, as in 
Dicotjledonous trees genevnJly, axilian/ buds, or those formed on the side 
of the stem in the axi/s, or point of junction of the leaf with the stem, 
are developed into branches, we find a ramified trank ; when the terminal 
bud alone unfolds, as in most Pah ns, tiie iilobulai* and columnar Cactacem, 
and the Cycadace.'e, a simple columnar caiidex is formed. 

It is evident from tliis, that the mode of bramdiing of a stem must 
be essentially depend*, nt on the arrangement of loaves ; but a com- 
plication arises from tlie frequent suppression or iioii-develo])meiit of 
the axillary buds, often ac(*oi(Hng to a regular ])lHn ; and, in fact, it 
is very seldom that all the axillary buds of a stem ai*(‘ developed (iigs. 
27 & '28). 

Fig. 27. Fig. 28. 



Fiff. 27. Pliin of ruiiiiflfation, with tl<*v(‘]o|mi(*nt;of |,»*niiijKi.I and axillary Hhoots. 

Fig. 2S. Plan of d< ftnil,c ruinificaiion, with arrest of the tei’iuiuul uud devtilo}>ment of the 
axillary buds,i»rodu(iiig bifuroatioii. 

This abortion of axillary bnds is most extensively displayed in !Mono- 
cotyledons ; for the frequent existence of dormant buds in the leaf-axils, 
even of Palms, is sliown not only by the occasional production of isolated 
lateral shoots, but by the froqiient, and in some cases constant, development 
of buds in the axils of the basilar leaves, forming suckers round the base of 
the stem. A similar phenomenon occurs in the propagation of Mbs, &c. 

Among Dicotyledonous plants, the influence ol the suppression of buds 
in regular order is y(*ry groat. In the Labiatie we have opposite leaves ; 
and as pairs of axillary buds arc* developed, the ramification is generally 
very symmetrical ; in some of the CaryophjUacece with similai’ly decimate 
opposite leaves, one axillary bud only is developed, and the other is sup- 
pressed at each node, so that the branches, arising one by one, stand 
spirally arranged upon the stem. In the Firs, the branches often appear 
to arise in whorls, owing to the periodical development of a number of buds 
in the axils of closely succeeding spirally aiTanged leaves^ with long 
inter^'als of total abortion. 
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Some trees "row year after year from ihetermiDal bud, wbieli closes up 
into a wintor-bud in autumn (tig. 30). In the Elm &c. the terminal 
bud is not developed in the autumn, and the axillary bud next below 
continues the growth. In the Horse-chestnut the terminal bud of the 
annual shoot resolvt^a itself into an inttoreseence, and the growth of 
tlie next year depends upon the axillary buds ; the same is the case in the 
hihxQ, { Syrintja vtdyaria) (tig. !ii>), iu which, 
however, in tiiis country, the terminal bud is 
generally abortive or suppri'ssed, and the pair 
of axillary buds next below' ])roduc»,‘ blos- 
som, causing still Jiiore marJit d biftn'catioii 
of the branches. 

As a geiier.il rule, of coarso, the fr(‘qnent 
su})pression or conversion into blossom ol* 
terminal buds tends to ]n*oduce a bushy 
im^de of growth, and r/cc verm, lii addition 
to this, tlie relative force of development of 
terminal and axillary buds is very important 
in determining general form, as we see in 
comparing tli(‘ 1 Hack l*oplar with its common 
tall variety the Ijombardy lV>plar, or (Coni- 
ferous trees generally w’itli decidnons tree.s. 

.blvtm among the individuals of the same 
species we observe great dititu’ences in this 
respect, dependent on external conditions; 
for both dicotyledonous tret\s and CoiiiPiU’s 
dilfcr luucli in tlu‘ ndativo proportion of main 
trunk and brancbtjs, wdien grow’ii in (dose 
plautations, or standing in open situations. 

Ordinarily, only one bud exists in an axil 
(fig. ;10, h ) ; but frequent exceptions to this 
occur, as in some species of Maple, in Honey- 
suckles (tig. 31), and in the Walnut. How- 
ever, one of tliese is generally riinch larg-er 
than tile rest, and is (ralhai the principal bud, 
while the others an; accc^mory. 

in some plants, as in many Solanacem, the buds occur in an irregular 
position, 4irising from the stem at a little distance above the leat-axils. 
This is supposed to be due to the adhesion of the bud with the stem, 
and its uplifting with the latter as it lengthens. 



Fi(r. SJioot of tht* I.ilac, tU-*- 
sfro3'’c(l down to ttio Hrst pair 
of axillary IhuIb. 

Fi^^ :K). a nhoot, with a trrtuiual 
(a) and aolitary axillary budB 
(ft, ft, 6). 

Fig. 31. 



Numerous axillary buda of 
Loniceru. 


The Trunk of arborescent plants arises as an herbaceous stem 
from the seedling, but usually becomes more or less woody before 
the close of the first season ; in the autumn it ceases to develop in- 
ternodes at its point, and the terminal bud closes up into a resting 
winter-bud enclosed in leaf-scales ; buds of the same sort are pro- 
duced in the axils of the leaves ; and all or part of them open in 
the following spring, to produce a second generation of axes in the 
form of shoots; the same process being indetinitely repeated, a 
branched trunk is produced. If the central stem is not much 
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elongated, and the lateral ramififations are numerous, the result is 
a shrubby plant ; if the growth of the main trunk predoininates for 
a long time, but ultimately slackens, and the side branches grow 
more, the form seen in ordinary trees appears, where the top of the 
tree is more or less globose, as in what are called “ round-headed ” 
trees, like the elm ; while if the growth of the central stem by the 
terminal bud is predominant throughout life, we have tall straight 
truTiks with comparatively small ascending branches, such as are 
seen in the Lombardy J^oplar, which is aninstance of a fantif/iate tree. 


Fig. 32. 


The originally cylindrical form of trunks often undergoes considerable 
alteration with age, depending upon 
peculiar modes of devtdopuujnt of 
the woody structure within. Irre- 
gular prominences occur commonly 
on such old timher- trees as haA'e 
large branches, greater (uilargcmieut 
taking place* in the lino between 
the base of the branches and tlie 
roots; this is often seen on old 
Oaks. Some tropical trees produce 
vast buttress-like projections in tlie 
same wav. Tlie f()rins of the trunk 
of the woody climbing plants of 
tropical forests present very remark- 
able irregularities, arising either 
from a twining habit, or from ir- 
regular development cau.eed fi’om 
lateral pressure or otlujrwise. In 
some kinds of Bomhnx (fig. 32), 
and in Delaheche.a ( nombae<*m), the 
trunk is swollen out in the shape 
of a great flask between the root 

and the main braiichos. Tnmk of a Brazilian liombaT. 



The Sloclc or candex is au undivided woody trunk, produced by 
the annual unfolding of a single terminal bud. Its internodes are 
commonly little dtweloyied, so that its sides are marked with the 
scars of its fallen lea^'es ; sometimes, however, the internodes are 
developed, and then the stock has a jointed appearance, from scars 
or actual articulations at the nodes. The stocks of the Cactacej© 
are remarkabh? for their form and consistence (figs. 35-37) ; their 
lateral buds are developed into tufts of spines, which are the repre- 
sentatives of the leaves of undeveloped branches. 

The stock of the Palms exhibits considerable variety of form. In the 
Cocoannt- (Cocoh) and Date-palms the internodes are scarcely developed, 
and the scars of the Icaf-stnlks, arranged in spiral order, cover the sides. 
The same holds good of the stock of t'yeas and its allies, of Xanthorrhoea, 
and other arborescent Monocotyledon.s, and also of the stock of the Tree- 
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ferns 34). In other cases an intemode is more or less developed be- 
tween each leaf, and the stem is marked by a succession of scars running’ 
nearly round the stem (tig. 33), as in Mauntia and Adroearyiim i>ul^are; 
in Geonoma and Chamcedorea the internodes are developed and the nodes 
thickened, so as to appear externally somewhat like those of the stems of 
(Trasses, but they are not really articulated nor hollow like the latter. 
The caudex of the Palms furnishing the common Cane (Calarnm) is 
chiedy distinguished from the last by the slenderness and extreme length 



Fig. Uli. Falui-tre<‘ (Areca) with uubraiu:he,d caudtix. 
Fig. 34. An arborescent Fern with uubranched oaudex. 


of the internodCxS. Many of these Palm-stocks, which are simple in their 
principal mass, send out axillary buds at or below the ground, which form 
runners, and ultimately grow up independently of the parent. The aerial 
stocks of a few branch high above the ground, as in the Doum-palm 
and in Pa^idanus (fig. 10), where the terminal bud appears to unaergo 
sucetjssive bifurcations, but really sends off at intervals single axillary buds, 
the development of which soon equals that of the parent axis, and causes 
the deflection of the latter so as to give a forked appearance. A similar 
mode of growth is observed in certain Ilsemodoracege (arborescent Mono- 
cotyledons, natives of S. America), also in the Liliaceous genus Yucca, 
Tlie stocks of some of the Cactacea) are undivided, as in Melocacim (fig, 
3(5), Echinocactmj and Mamillaria^ &c. ; but in others a few branches 
arise, giving a compound character, as in various species of Cerem (fig. 
37) and in the leaf-like stalks of Opuntia 35). Analogous structures 
occur in foreign species of Euphorbia, 
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Pi^y. nr). Rtcm of O/iinj'm. Fip. n«). Sff'in of •ina. 

Pig. .S7. Cylindrical and rildicd Hfcin of Ccrnts. 

Pig. n8. riiagram to illuatratc tho nature of a sympod the iniporfeot separation fso called 
adhesion) of leaves, and the nplilting of (t latl<*r with the growth of the shoot ; 
tin* prinmry shoot ending in a tenniiml bi d which is delleeted to one side, lo, 
one of the leaves of the primary shoot 1, in a ordinary position. 1 A, another leaf 
of the same shoot adherent to or iindetaeh d from 'X t he shoot produced in the 
axil of 1 A, and carried up with 2 in its U] ward growth. Tin* shoot 2, 2, with its 

leaves 2«, 2 A. grows in the same manne id others it. 'J he jiortion of 

the main axis niarhed 1 . 2, •!, fi in one vertical line is a pym]iode, being coniiiosed 

not of on<^ eoniiiuious avis of one and tlie same generation, but of a series of axes 
of different and successive gfmerations, ranged in vertical order. 

Ramification.— Thfi sani«» general niellioda occur in the branching of 
roots, of stems, of loaves, tind of intlor(!scences. and indeed are also met 
with in purely cellular plant as in Algae and Fungi. Cattlvrpa^ though 
strictly unicellular, has mimic stem-branches, leaves, and roots. Clrowth 
takes place by means of growing points (pmwta reifvtatmm), which will he 
more fully described under the head of Minute Anatomy, and whicli, in 
the case of stems, are tmclosed within, and form the central terminal mass 
of the buds. The growing point is terminal or lateral, primary or secondary. 
If at the end of a shoot or hnin(‘h it is tei'minnl and primary, or of the 
Jirst detp-ee-, if at the side of a shoot it is lateral and secondary, or of the 
second ^yree. In tlie latter case it is lateral because it is pushed out from 
the side of the primary shoot heneatli its apex, and it is secondary because 
it is necessarily formed afier the pnmary growing-point, and belongs to 
a subsequent generation. In like manner we may have in succession ter- 
tiaiT buds, or shoots of tlie third, fourth, fifth degrt^e, and so on. 
llonopodial branchiag.— By the growth of terminal buds or growing 
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points the stem is continuously len^hened in one direction ; by the deve- 
lopment of lateral ones from below upwards (acropetal) it becomes 
branched. This mode of growth is called monopodial (fig. 27). 

Dichotomy . — In some instances (e. g. the tendrils of some vines, the roots 
of Lycopods, and frequently in Cryptogams) the terminal growing-point 
bifurcates. Each pair of new shoots so formed is then of the same degree or 
order, because eacn is formed from the same original growing- point and at 
the same time. The growing-point may, in this manner, divide into several 
divisions of the same generation or relative onier. The shoots formed 
dichotomously, as above explained, are monopodial or indefinite as to their 
ramilication, and may grow equally and regularly, or the growth may be 
arrested in certain of them, and hence may arise much difference in tlie 
appearance of the mode of branching. 

VicJiamum. — In the foregoing illustrations the terminal growing-point 
either continues to lengtlum as growth goes on, or it divides into divisions 
of equal degrt^e, thou^ often of unequal vigour. But it very commonly 
liappens that tlie terminal growdng-point or bud ceases to grow after a 
time (tigs. 28, 20). This may happen iiccuden tally or fi*om the effects 
of frost or other injury, however (;aused, or it may occur constantly 
and naturally, as in many trees, e. g. the Lilac (fig. 29). When arrest 
of growth in the terminal bud takes place in the manner just indicated 
the lateral buds often grow so vigorojisly, aiid arei so cJosely placed, 
that they appear to radiate from the same point os if they wore formed 
by dichotomy of the terminal gi’owing-point. This false or apparent 
dichotomy is sometimes called a dichminm or false cyme (fig. 28). 

Sympode. — When in the case of a dichotomous ramification one of the 
divisions grows more vigorously than the other, or, wliich amounts to the 
same thing, when one of tluun is arrested in its growth or altogether sup- 
pressed, then, although the two divisions are of equal degree and age, yet 
the stronger of the two presents the appearance of and gmms in the same 
direction as the primary shoot, while the smaller one is often pushed on one 
side, so as to loot like a lateral shoot of a subordinate degree (h’g. (18). The 
appearam^e ma}" thus he that of a continuous slioot formed by the extension 
of one growing-point and giving off lateral branches j but in reality the 
shoot is not the result of the extension or bifurcation of one growing-point, 
but of a number of gTowing- points of different generations formed in suc- 
cession one aftt*r the other. Jn this way what is called a sympode is pro- 
duced, and ramihcalion so charactcirized is syrnpodial. This arrest of 
growth may take place regularly or irregularly, producing corresponding 
variations in the form of the ramifications : thus, suj)posing a branch to 
divide into a number of subdivisions by repeated bifurcations to the right 
hand or to the left respectively, it may happen that all the shoots on the one 
side are arrested in their growth as compared witli those on the other. Or 
it may ha})pen that the arrest of gi-owtii may take place first on one side 
and then on tiic other in regular alternate order. All these modifica- 
tions may be seen in the mode of branching in various celluhir Cryp- 
togams as well as in higher plants. 

Characters of tlie Stem and Branches.— In the description of stems 
and branches generally, certain technical terms are in use, in addition to 
those above explained" These refer principally to — a. coimd&me ; b. direc** 
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tion and habit of growth ; c. fm'm j d. condition of surface ; e. ramification ; 
and L dimensions. 

a. Comistence . — The terms herbaceous {herbaceus) and woody Qigmsus) 
need no further detinition, Some stems are fleshy or sueculmt (earnosus)^ 
as in Cactus, he. Most stems are solid (solidm)', those of the majority 
of Grasses and the Umhellifora) (Carrot, Celery, &c.) and the Horsetails 
(^JiJf/uisetum) are hollow or tubular (flstulosus). 

b. Directwn . — Stems may be truly erect (strictus), fl>exuous (flerruosus) 
or nodding (nutans, cernum). Stems which turn upwards from a horizon- 
tal base are called ascending 
(ascendens) ; those lying along 
the ground without rooting 
are procumbent or prostrate 
(decumbens, prommhens, hu- 
mifusus) (tig. oDj ; if a pro- 
strate stem roots at its nodes, 
it becomes creeping (repens). 

Slender stems neither lying 


Fig. 39. 



on the ground nor ciw^pillg Proeun.bent.tem of Thyme, 

may be pemlent (pendulous ) 

when growing on ro(?kH he., and floating {fluiUtn.s) wlien growing in 
water. Wealc sieins also rise from the ground as climbing (scandens) or 
twining (volubilis) stems. 

Climbing stems support themselves in various ways : — the Ivy by tufts 
of adventitious roots, which attach themselves lirmly to foreign bodies ; 
the climbing species of Clematis imd tlie (hmuTy-cveepor (Tropceolum pere^ 
grinum) hy liookiiig their leaf-stalks round tile support ; other plants by 
tendrils, as the Vine, Poas, Cucurbitaceje, &c. 


Twining stems coil themselves spirally round the supporting body, 
turning sometimes in one direction, sometimes in the other, as in the Hop, 
Convolvulus, Cuscuta, he. If the direction from below is from the left 


Fig. 41. Fig. 42. 


upwards to the right hand of the observer, supposed to be standing in the 
position of the body around which the coil winds, the coil is said to be 
dextrorse, if in the op})Oriite direction sinistrorse ; but by some writers the 
observer is supposed to stand in front uf the coil, and then the application 
tf the terms is reversed. Some of the tropical twiners produce woody 
orunks resembling large cables. 

c. Form . — The priucipal variations in form are designated by terms re- 
quiring no explanation, su(?h as cglindrical or terete, conical, columnar, &c. 
If a stem presents thickenings 

opposite the origin of the leaves 40. Tig. 41. Tig. 42. 

(nodes), it is called knotted (no- ^ 

doms ) ; the i*everse condition, /' ' Jl J 

when there are constrictions at Bn IBM 

intervals, is called (arfic?/- f^M WSM 

lotus). Other terms refer to the yr mm 

shape as displayed in a cross sec- 
tion of the stem. A stem is terete Fig-^O. A triquetrous stem. 

(ter.,) when it present, a circular 
section ,* compressed (compressus) 

when the section is elliptli'al ; angular when the section is polygonal, under 
which head are distinguished, in a three-angled stem for exaihple, trique- 


Fig. 40. A triquetrous stem. 

Fig. 41. A quMdrilateral or square stem. 
Fig. A ribbed stem. 
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irouH if the three ang^les are sharp 40), triangular if they are about 
rig^ht angles, and trigonous when the angles are 
obtuse or rounded off. When the surface 
presents a great number of longitudinal ridges, 
ft is called ribbed (tig. 4i3 ) : numerous longitu- 
dinal grooves render it furrowed (suloatus). In 
some cases the projecting angles of stems are 
tvinged {alatus), as in many Thistles ; in other 
cases the stem or branch is fl attend'd, so as to 
resemble a leaf, in which case the tenn dadode 
is applied, as in Mtiscus (tig. 4»‘l). Such leaf-like 
branches or dadodes are distinguishable from 
true loaves by their axillary position, mode of 
origin, internal structure, and by the circumstance 

that they bear flowers. Politteeou. oWodes of 

The apex of a stem or branch is usually pointed Itu^cvs mmleatM. 

or conical, but it may be globose or concave, as in the flower-stalk of a Jtose. 

d. The surface of a stem may be smooth {Ucris) or striate (striatus)^ i.e, 
marked with line grooves and ridges. It may be devoid of epitlisnnal 
appendages or glabrous (glaber)^ or furnished with a more or less dense 
coat of hairs, bristles (setosus)y or thorns (spinosus). Similar terms are 
still more commonly applied to tlui surfaces of leaves. 

e. Hamificaiion. — A. stem is either simple or branched \ if the ramifica- 
tion is excessive, it is called ntuch-brandtcd (ra^nostssinius). The branches 
may be erccty spreading ( patens) j outstretched (divaricatus)j dejlexed (de^ 
Jiexus)y Qxpendtdous (pendulus). Those qualities especially affect the crown 
or head of trees. 

f. JJimensions. — Diflerent terms are applied to plants with woody stems, 
according to their size and mode of branching. A tree (arbor) is a plant 
with a woody trunk and hranclied head. A shrub or bush ( frutex) is a 
kind of dwarf tree, where the main trunk is little developed, but the 
lateral branches very much so. Under-shrub (fruticulus) is the dimi- 
nutive of this. 

Sect. 4. The Leaf. 

Leaves are the lateral organs issuing from the ascending portion 
of the stem and its branches below their f f rowing points ^ and in 
general are flat, expanded plates, produced directly from the 
superficial part of the stem, and from which, after a certain term 
of existence, they are removed, either by breaking off at a distinct 
joint, or by decay. 

The simplest leaves occur as flat plates traversed by a nerve, as in 
Mosses. In many Algas and cellular Cryptogams processes of the tballus 
may be seen resembling leaves in form and arrangement, but not in struc- 
ture. The term phyllome is used in a comprehensive sense to signify any 
leaf, or modification of a leaf, springing from a caulome or axis. In some 
cases, as in Cactus (figs. 35-37), the true leaves are absent, their office 
being tilled by the green stem. Normal leaves, belonging to the vege- 
tative system, are alone taken into account in this chapter j the modifled 
foliar organs composing flowers must be treated separately. 
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The leayes arise from and mark the nodes of the stem ; and it 
1ms been already stated that it is at the nodes, in the axils of 
leaves, that lateral or axillary buds are as a general rule produced. 
From this it follows that the arranr/ement of the leaves must be of 
great importance, not only in reference to their own relative 
positions, but as determining more or less completely the plans of 
ramification of stems. It is found that the modes of arrangement 
of leaves are in accordance with certain general law^s ; and a 
particular study of these law’s has been pursued, under the name 
of 


Phyllotaxis. — Jjeaves exhibit two principal types of arrangement : 
ciiher they are solitary, 

Fig. 44. 


Fig. 45. 


one only occurring at a 
n ode, or t w^o or m ore sprin g 
from the stem at the same 
l(wel. When the leaves 
si and alone, they are said 
to be alternate or scattered 
(fig. 44); w’hore two stand 
at the same level, facing 
one another, they arecallcHl 
opposite (fig. 45) ; and if 
more than two originate 
at one level, forming a 
circle, the halves arc' called 
whorlt'd or vertudllate. 

Very rarely tw’o leaves up- 
pr'fir to spring from the same node, as in what are called (jeminate 
leaves (Solanum). This condition is sn])y)oscd to arise from irrcv- 
giilar displacement and partial adherence^ of one of the leaves to 
the stem, or from division of one leaf into two. 



Pig. 44. Diagram of thoarrangonumt of alternate di8ti> 
cnous leaves. 

Fig. 45. Diagram of the arrangement of decussate op- 
posite and tetrastichous leaves. 


Really wliorlcd leaves are not so common ns is sometimes imagined, 
the whorlod condition bcniig imitated in some cases, as in many Stel- 
late., hy an excessive develo})ment of interfoliar stipules ; truly whorled 
leaves are soon in J*arfs and Myriophylhnn, Reyiresentativos of the two 
principal types are fuuud in the embryo of I^lonocotyledons and Dicoty- 
ledons — the former having a solitary cotyledon, the latter having two, 
placed the one opposites to the other (fig. 3) ; but this opposite arrange- 
ment of the cotyledons is not ahvays associated with a like disposition of 
the true leaves.* 

Alternate leaves exhibit many modifications of arrangement. 
Sometimes they are truly alternate ; that is, the second leaf is 
exactly on the opposite side of the stem from the first, and the 
third exactly over the first : a series of leaves arranged in this way 
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form two perpendicular rows. Such leaves are termed disticJiovs or 
two-ranked 44) ; examples of which are found in the Grasses, 

If the second leaf is not opposite to the first, but at a point dis- 
tant from it one third of the circumference of the stem, and tlie 
third leaf one third further round, the fourth leaf, likewise distant 
one third from tlui ])re<*eding, will stand over the first. Leaves so 
arranged form three perpendicular rows, constituting the triatichons 
or three-ranked arrangement, which is common among the Mono- 
cotyledons (fig. 4()). 

Now when a line is drawn round the stem so as to pass regu- 
larly from leaf to leaf, we find that its course is spiral. In the 
distichous case the s])irnl line starting from any gi^en leaf com- 
pletes one circuit and then commences a new one at the third leaf ; 
in the tristichous an*angement the spiral coinphdes one circuit and 
liegins a new one with the fourth kiaf (lig. 40). The series of 
leaves included by tlie spiral line in ])assing from the first leaf to 
that which stands directly above it is called a cycle (fig. 47) ; the 
fraction of the cireurnforence of the st(‘in which measures the 
angular distance between any two succeeding leaves in a cycle 
when projei’ted on a ])lane is termed the anyular diveryence, ]ii 


Fig. 47. 



Fig. 48. 



Fig. 4r>, Projeol.iim t>f the arrangement. 

Fig. 47. Horizontal proieetion of a eycle of the ^ arrangement 
Fig, 48. Projection of the f, arrangement. 

Fig. 49. Horizontal j)rojccUon of a cycle of the f arrangement. 

fhe distichous, represented by the fraction it is one half of 360°, 
or 180°; in the tristichous, or it is 12(P. 

These fractions not only represent the angular divergence, but 
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also the entire character of the arrangement ; for the numerator, 
as is seen, indicates the number of turns of the 8])iral forming a 
cycle, while the denominator expresses the number of leaves in 
that cycle. 

In the pentasiichous, quincuncial, or Jiue-ranhed arrangement the 
sixth leaf stands over the hrst (ligs. 48 & 49), commencing a 
second cycle ; but the spiral line passing through the first live 
leaves makes two circuits round the stem ; moreover the suceessiv(i 
leaves stand at a distance from each other of two fifths of the 
circumference of the stem, or 144^; \^ liiie the expression of the 
angular divergence, f, indicates also th(‘. iiumh^r of turns round 
the stem in the cycle, and the number of leaves in the cycle, as 
before. 

The next degree of comj)h.‘xity of the arrangement is where 
eight perpernlicular rows of leaves exist, and the ninth leaf is over 
the first, in this case the spiral takes three turns in completing 
the cycle ; and the ex[)ressiou l\ indicates three eighths of the 
circumference, or the angular divergence of the successive 

leaves. 

When we place the fon^going figures togeth(M% thus : |, it 

will be observed that each fraction has its numerator composed of 
the sum of the numerators of the two preceding fractions, and its 
denominator of the sum of the two prec(‘tlijig denominators ; and it 
is really found that all higher compli- 
cations, in normal conditions of steins, 


exhibit some furtluir indication of the 
same ratio, and marked succes- 

sively by {\j, &c* 

The simpler forms of arraiigomeiit are 
the most common ; those marked by 
higher fractions are chietly fimnd in plants 
with the leaves much crowded, as in the 
House-leek. Ihe scales of the cones of 
Pines and Firs offer good examples of 
these spiral arrangements. The following 
examples may be mentioned for observ a- 
tion ; — 

Plan L Leaves of Grasses, Vanda j Irisj 
Gladiolmf Elm, Lime, &c. 



Boso-ttp of leaves of Plantago media^ 
seen from above ; the leaves on the 

I tyre. 


^ [The mathematician will observe that these fractions are the successive 
convergents of the continued fraction &c., and that any leaf being taken 

as No. 1, the second must lie between 120° and 180° from it. Its position, 
corresponding successively to each of the above series of fractions, oscillates 
alternately on either side of a point indicated by the limiting value of the 
continued fraction, viz. 137° 30' 28"-^. — G. H.] 



THE LEAF, 


45 


Plan Leaves of Sedpres {Carex, Scirptis), Tulip, Alder, Bircli, &c. 
I’lan I^eaves of Apple, Cherry, Poplar, ()ak, Walnut, &c. 

Plan g. Leaves of Flax, l*laiitain {Pinntafjo) (li^. 50), Holly, Aconite, (fee. 
Plan Eyes (buds) of Potato-tubers, cones of Pinn^ Sirobus (lig. 51), 
Plan 2 *^^. Cones of Spruce-fir (yibies exedsa). 

When the leaves are very numerous and much crowded, it is often 
difficult to trace the fimdmmmfnl spiral^ as the vertical ranks are not 

Fig. 51. 



Cone« of Pinua Strobva, with the scales in the Jt^ arrangement. 


evident. In these cases the arrangement is ascertained by studying the 
secondary spirals which appear. These are more or less numeious, ac- 
cording a<8 Ae fractional expression of the fundamental spiral is higher. 

For example, in examining the cone of the Whiter Pine, a complex 
epira arrangement is at once recognized, which will be understood by 
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reference to the adjoining diagram (tig. 51). Assume any scale as No. 1. 
Select the scale over it, in as nearly a vertical line as possible, such as 
that numbered 14 in fig. 61. Secondary spirals parallel to each other 
will be seen running to the right and to the left hand. Such are indi- 
cated bv the numbers 1, 0, 11, 1(3, &c. to the left, and by 1, 9, 17, &c. to 
the right of tlie reader. Or, again, very dvprem'd spirals are formed by 
the scales marked 9, 11, 1^1 (not seen; to the left, and by (3, 9, 12 (not 
seen) to the right. Of all such spirals, select the. two most elevated^ which 

5 ass by and overlap the scale immediately over that cliosen as No. 1. 
!'hese will be tiie spirals indicated by the numbers 1, 0, 11, 1C, ttc. to 
the left of No. 14, and by I, 9, 17, 26, &c. passing to the right hand of 
that scale, (.louiit the number of secondary spirals parallel to these two 
respectively. There will be found to be ehjht such parallel spirals in all 
sweeping round to the right; and Jioc, such as 1, 0, 11, 10, ifcc., to the 
left. Take tlui lowest of these two numbers, (U* 5, as the numerator, 
thtur sum, 6-|~8, or 1*1, as the deuomiuator, and will bo the fraction 
required. 

Ik) prove this, uumbfM’s must be assigri(‘d to every scale of at least the 
first eytde, ic. those included between No. I and that numbered 14 in 
the ligiire. 

Starting with the scale assumed as No. 1, add 8 (that is, the number of 
parallel spirals to the right) to 1, and write 9 on the Jie.vt scale, as in 
fig. 61. Add 8 again, and write 17 on tJie next, and so on. 

Ag*ain, add 6 to 1, and write (> on the adjacent scale on the left-hand 
spiral ; add 6 to 0, and writt* 11 on the next, and so on. 

Two entire secoiidary S])irals intersecting at No. 1 will thus be num- 
bered. 

To nuinbor any other scales, we may start from either of these spirals, 
always adding- 6 to the number of any scale on g*oing ii-om right to left, 
and 8 on going from left to right : thus, 

(*,-f8=14. 14-f8 = i>L>, 

or, 9 4- 6=14. 1 7 4-6 = 22. 

So that we can assig-n by either metliod the numbers 14 and 22 to the 
proper scalcsS. Similarly all the scales of the cone can be numberi‘d. 
Only those of a lower nuinbi than (> and 9 ai t* obtained by subtraction of 
8 and 5. Now, it will be seen that 14 will be the number of tlie scale 
directly over No. 1. This proves that the denominator is correct for 
tlmre will be 16 scales in the cycle. 

Secondly, luiving, we will assume, numbert^d all the scales of the cycle 
between Nos. 1 and 14, if the cone be lield orecl, and is made to revolve 
while the eye passes from No. 1 to No. 2, then on to No. 2, dtc., up to 
No. 14, the obstuver will find that he revolves the cone exactly five times. 
In other words, a spiral line passing through tlie settles 1, 2, 3, 4 . . . up 
to 14, which constitutes one cycle, wdll coil five times round the axis. ^ 

The perpeyidicular distance between tbe points of origin of 
successive leaves is dependent simply on the degree of development 
of the internodes of the stem. These may be so short that, as in 
the common Stone- crop (pedmi acre)^ Araucaria hnhricata^ &C.4 
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the leaves overlap mo^ or less along the developed axis ; such 
leaves are termed imbricate ; and this condition is very common in 
the leaf-scale forms of the leaf. A great number of well-developed 
leaves are often crowded together by the non-develoj)ment of inter- 
nodes at the base of the flowering stems of perennial herbs, such as 
the various Saxifrages, the Turnip, Dandelion, 

&c. ; and where these so-called “ radical ” leaves ^'ig:- r)2. 
are arranged with some regularity, and spread 
out horizontally as in the House-leeks, they are 
said to be tufted, cmpitase or rosulate (fig. 50). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
loaves appear to spring from one point, as in the 
Larch (lig. 52) and the Berberry; the collections 
of fasciculate leaves really belong to a branch, 
the internodes of which are not developed, so 



that they all spring at once from the leaf-axil Fa»ci™iatc of 
in which the branch-bud v\'as formed. Urdi. 


In other Conifers the n uni her of leaves in these bundles is snmJlur iiud 
very r(.^gular and characteristic ; e. (/.^ in Pinm si/lvestris two ]e*i\'es are 
thus associated, in P, Cemhra three, in P. IStrobm five, itc. in those buds 
of tlie Larch which afterwards unfold into shoots, the transition from a 
fasciculate into a regular spiral an*angement becomes evident. 


Opposite and wliorled leaves likewise exhibit grefit nigularity. 
The number of leaves in a wiiorl is here also p. _ 

sometimes expressed by a fraction, which is 
enclosed in a parenthesis; the denominator 
in this case indicates the number of leaves in 1||| ^ 

one circle. | 

Examples of those in true leaves are furnished 
by the following plants : — 

(I) plan (opposite leaves). Pinks, Labiatm. ^ 

(D „ L\fsimachia vuhjaris, Trillium, 

(I) „ Paris (luadrifolia. | 

(f ) „ Myriuphyllum pectinatum, 

Sometimes the numbers ^'aiy on different parts of xy/fl 
the same stem, as in Tlippuns. / B 


When leaves are opposite, the pairs are Dioffrain of decussating 
almost invariably alternate*; that is, they pajps ofisayea. 
cross at right angles, the third pair slanding over the first. 8u(^h 
leaves are called decussate (fig. 53). With whorls of three leaves. 


An exception is seen in Pofawigeton, 
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again, we usually find a similar alternation ; the leaves of the second 
whorl stand o\'er the intervals between those of the first, the 
leaves of the third whorl standing over the leaves of the first. 

[There is reason to believe that the arrangement of alternate leaves has 
resulted from tlie development of the internodes between opposite leaves ; 
for when the latter occur at the base of a stem and alternate leaves above, 
it will be found that, as the inteniodes are gradually developed, the leaves 
always appt'.ar in succession in a spiral order ; and most frequently the 
sixth falls over the first, that being the laMt out of three pairs of decus- 
sating leaves ; or else the ninth falls over the first, that being the 
leaf of the fifth pair. Tl)e leaves on becoming alternate soon cease to bo 
decussating, and gradually acquire their proper angular divergence. 
Moreover, as decussating pnirs of leav (‘8 can give rise to the ordinary series 
of fractions, I , g, -/’a, 5 ^ 1 , alternating whorls of ^Mhrees” give rise to 
the series 2, Jloth kinds can be well studied in the Jerusalem 

Artichoke. — (r, 11.] 

2 


o 

:i . S 7.4 
9 


6 

1 

Biaffram illusf.rnfcinp the order of deTelopinent of leaves when the internodes are 
beginning to be funned, and Ix'fore tbe j»rop<>ir angular divergences exist. 

Conversely, if the iiiteriiodes botAveen the component leaves of any 
individual spiral cycle were uiideveh)])ed, while tluKse between successive 
cycles were lengtihened, a '^ erlicilUite arrangement would result. In 
certain plants (for example, the ^Myrtle, the AntiiThinum) alternate and 
opposite leaves occur on tlie same stem. This is the case also in those 
Dicotyledons -where the true leaves succeeding the opposite cotyledons 
are alternate, as in the Scarlet li( 3 an, Mustaj*d, &c. 

It is requisite to distinguish between simulUmeom whorl% where the parts 
composing it are dev eloped simultaneously, and successive whorls, where 
the parts are developed succeasively, but are brought together by the non- 
development of tlie internodes. The arrangement of the leaves in the 
manner above iiidicat<‘d is to a groat extent connected with the deposition 
of the fibro-vascular bundles of the stem. It should, how^ever, be stated 
that the arrangement of the leaves on the stem is not always the same as 
that on the branches. 

Certain tenns are in common use in descriptive works to indi- 
cate the absolute position of the leaves upon the stem. The name 
radical leaves is applied to those, usually of larger size than the 
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rest, which are often found collected at the base of flowering 
stems of herbaceous plants, such as the Dandelion, Lettuce, Turnip, 
Plantago (fig. 11, p. \ <&c. The ordinary leaves of the stem are 
sometimes distinguished as aiulim or stem,4eave.% while the term 
ramal is occasionally used for those on the shoots of trees and 
shrubs when these present special characters. 

The leaves belonging to the inflorescence are called bracts. Their 
phyllotaxis generally agrees with that of the stem-leaves. 

The point whence a leaf springs from the stem is commonly 
called the msertmi, LeaA es are either articulated there, separating 
when dead by a distinctlv characterized Hue of fracture, or they 
merely wither down, and leave their bases as a ragged covering to 
the stem ; the latter condition occurs mostly iu leaves with 
sheathing bases. 

A perfect leaf is divisible into two regions (fig. 54) — the hlade 
or lamina (&), and the leaf-stalJc or petiole (c) ; the latter, when 
present, may be more or less completely represented by a slmiih or 
vcuflna (rt), partly or wholly embracing the stem from M'hich it 
arises. At the base of the petiole often occur distinct leaf-like 
appendages, called stipules. All parts of the leaf — blade, stalk, 
and stipules — are much siibject loinoclilication, and may even exist 
in the forms of tendrils^ spines^ intcher^lke organs, &c., very unlike 

Fig. 54. Fig. 65. 




regular leaves. These metamorphosed leaves, or parts of leaves, 
are best treated of separately. 
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^ The stalk-like petiole (%. 65)^ most common in Dicotyledons^ always 
has tke base slightly widened out at its point of emergence from the 
stem,; in the leaves of Palms, the Banana, Scitamine®, &c, the base is 
ex|>anded so as to embrace the stem, while in the Grasses the petiole is 
entitely represented by a sheath (fig. 69). The ^een part of the leaves 
of the Hyacinth and other bulbous plants is the blade, and will be found 
continuous below with a colourless, fleshy, petiolar portion, forming one 
of the coats ” or sheaths of the bulb (fig. 17, p. 5^5). 

'P^e leaf may, however, be represented by one only of the regions. 
It is very common to find leaves without distinct petioles, the blade 
springing directly from the stem : such leaves are called sessile 
(fig. 56). On the other hand, the petiolar region may exist with- 
out the blade; and among the cases of this sort a considerable 
variety of conditions is met with. Petiolar structures, devoid of 
laminm, and more or less reduced to scales or membranous sheaths, 
are comtnonly found on subteraniieous stem-structures, such as 
bulbs, rhizomes, &c., whence we have denominated this part of 
the stem the “ leaf-scale region.” Similar scales appear in place 
of green leaves in the “true-leaf” region of various parasitic 
plants, such as Orohanche^ in which the leaves have no physio- 
logical function to perform ; and they recur periodically oii the 
stems of arborescent plants which form winter buds, in the shape 
of bud-scales. In the tnie-lcaf region the blade is either supj^orted 
on a stalk-like or sheathing petiole, or is sessile. The sessile con- 


Fig. 67. 



Fig. 68. 





dition is generally more common toward the upper part of stems 
and shoots ; and in the bracts or leaves belonging to the inflores- 
cence the petiolar region is comparatively seldom developed. The 
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first leaf { VorUatt of the Germans) on a branch in many Mono- 
cotyledons is of a different form from the rest, and is found in the 
angle between the branch and the stem from which it springs. In 
Dicotyledons there are often two such leaves at the base of a 
branch, right and left, and occasionally they are united into a 
tube. They are sometimes formed after the other leaves according 
to Hofmeister. 

In some families the true-leaf region is clothed with petioles 
expanded into the form of laminse ; these are called phyllodes (figs. 
57 and 58), and in such cases the true laminar region is often 
partially or entirely suppressed. 

The transition from the petiolar leaf-scale organs into perfect leaves 
with sheathing petioles may be observed not only in bulbs, but in many 
Grasses with creeping stems, which exhibit, at the junction of the leal- 
scale and true-leaf regions, sheaths surmounted by short green lancet- 
shaped laminae, increasing in length in successive leaves. 

Stipules. — When the petiole appears as a distinct leaf-stalk, it 
is often accompanied by a pair of more or less distinct foliaceous 
appendages at its base, called stipules. When these exist, the leaf 
is cfilled stipulate (fig. G3) ; when they are absent, exstipulate. 

The presence or absence of stipules is often a very constant character of 
Natural Orders. The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

Petiole. — The petiole is usually of semicylindrical form, with the 
flat surface above ; not unfrequently this upper surface is channelled 
{canaliculate)^ giving a more or less crescentic section ; in a few 
instances, especially in the A spoil, it is laterally compressed. 
Where it is cylindrical its structure is like that of a branch. 

The stalk-like petiole is either simple, when it supports a single 
blade, or it is bran(*lied or compound, when the blade is coinpos(id 
of a number of distinct leaflets ; the branches are sometimes 
called partial petioles, and may even be articulated at their points 
of origin from the primary petiole. 

Compound petioles supporting the leaflets of compound leaves are 
known from branches, winch at first sight they resemble, by arising 
independently from the stem, by having buds in their axils, and 
by the absence of any indication of a leaf immediately beneath 
them. 

Phyllodes. — The flattened or leaf-like petiole, called a phyllode, 
resembles a lamina, but is kuowji by standing edgewise on the 
stem— that is, with its flat faces parallel with the direction of the 

E 2 
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stem ; in some cases phylhdes exist without true laminae (fig. 57), in 
others the laminae are more or less developed at the summit (fig. 58). 

Striyug examples of phyUodia with or without lamiuae are furnished 
by various species of Acacia tfigs. 57 & 101), in many of which the blade 
is present, compound and bipinnate. 

Vagina. — The sheathing portion or vagina is the only portion of 
the petiole which is developed in certain plants, as in the Grasses 
and Sedges (figs. 59-61), in which it forms a complete sheath to 
the stem, and passes at once into the blade at the top : this sheath 
is merely rolled round the stem in the Grasses ; but its margins 
are not disunited, but form a tube, in the Sedges. The vaginal 
petiolar region is more or less distinctly evident in many Mono- 
cotyledonouB leaves which at first sight appear to be sessile, as in 
the Tulip, Hyacinth, &c. ; and it is generally more or less developed 
at the base where a distinct leaf-stalk exists in this class, as in the 
Palms and, above all, in the Alnsacem. In many Dicotyledons also 
the base of the petiole is enlarged into a sheath, as in Umbellifcrs 
(fig. 62). 


Fig. 61. Fig. 62. 



Fig. 59. Leaf-sheath of a (rrasH, with an entire ligula^ 

Fig. 60. Leaf-sheath of a Grass, with a bifid ligiila, 

Fig. 61. Leaf-sheuth of Eriovkoruin, 

Fig. 62. Sheathing base of tne petiole of Angelica, 

Sometimes the petiole is winged {alate\ as when a narrow 
plate of the blade structure springs from its margins ; in certain 
cases these wings are decurreat down (or, rather, are continuous 
with the sides of) the stem from which the leaf arises, as in many 
Thistles, Verbascuni, &c., producing a winged or alate stem. 

Cicatrix. — The petiole is ordinarily more or less distinctly jointed 
to the stem ; and when the leaf falls, it leaves a more or less ex- 
tensive well-defined scar upon the stem, called the cicatrix; in 
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woody Dicotyledons there is generally a little protuberance under 
the cicatrix, which is termed the pulvinus. In Monocotyledons 
the cicatrix is usually very broad, from the base of the petiole em- 
bracing the stem widely. In some cases the petiole is not regularly 
disarticulated, but withers down ; but then the decay generally termi- 
nates at a definite point a little above the base, leaving a portion of 
the latter in the form of a scale-like or tooth-like process projecting 
from the stem. 

Tooth-like proceswses left by the decay of the petioles may be seen on 
the underground stem of the common Primrose &c., and on the trunks of 
certain Palms. 

Stipules. — The strpvles or leaf-like append- 
ages of the petiole usually stand at the base of 
the petiole, one on each side, free or adhereni 
to it (hg. 03). The free leafy stipules 
sometimes highly developed, and in Laihifrm 
Aphaca they exercise the functions of the blade, 
the leaves of this plant consisting merely of a 
petiole destitute of a lamina. IV hen the mar- 
gins of the stipules next the petiole are con- 
tinuous mth that organ, forming as it were 
wings f o it (Eosa), they are called adnnte (fig. 04). They are also 
often united by their margins independently of the petiole, or, in 
other words, are not separated from each other (connate) : thus in 
the Plane tree and in Astrar/alus they are united by the outer mar- 



Fig, 64. 



Compound (pinnate) leaf of the Bose, 
with adnate stipules. 


Fig. 65. 



Oorea of Polygonum, 


gins (turned away from the petiole) so as to form a kind of leaflet 
on the opposite side of the stem (inirapetiolar) ; in Potamogeton 
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they are united by their inner margins above the petiole, so as to 
form a compound axillary stipule ; in the Polygonaceas they are 
not only united on this side, but also by their outer margins on the 
other side of the stem, thus forming a short tubular sheath round 
the latter, called an ocrea (fig. fi5). All the above cases relate to 
stipules of single leaves ; but similar coherence or lack of disunion 
occurs in the stipules of opposite leaves, where it is not uncommon 
to find the two stipules which stand between the leaves, at back 
and front, more or less confluent into a single leaf-like or scale- 
like body (interpetiolar stijmle), so as to form a kind of whorl with 
the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Kubiaceje; and the apparent whorls of the Stellatis {Galium, &c.) 
often exhibit a confluence of the highly developed loaf-like stipules. 

At the summit of the sheath of the leaf of Grasses exists a little 
membranous scale, connecting the blade with fh(3 e[)idermis of the 
stem; it is either entire or forked at the top (figs. 59* & 00*); 
this structure, called the llyule, is a mere excrescence from the 
stalk. 

The stipules of some plants fall off at an early period. This is the case 
with the interpetiolar stipules of various l£ubi{ic(H)ii8 plants. It also 
occurs coMimonly when the stipules form the outermost envelopes of the 
leaf-buds, as in JVIagnoliace.‘t‘, Ficus clast tea, the J leech tree, &c. 

Small secondary stipules exist at the base of the imrtial petioles 
of some compound leaves, especially of Leguniiuost© {Desmoclium ) ; 
they are called stipels {stIpelUc). 

Por convenience of deserijdion the stipule has been here treated 
as if it M'ore uniformly of tJie same nature, varying only in form, 
position, &c. In point of fact, however, the morphological nature 
of the stipules varies in different plants : sometimes they represent 
mere excrescences from the ])etiole ; at other times they consist of 
tlie lower leaflets of a compound leaf {Lathijras), or they may be 
leaves formed on a contracted and rudimentary axillary branch. 

Lamina. — The lamiiia or Wade {h, fig. 54) of the leaf constitutes 
the most iniportant part of the structure, and exhibits the greatest 
variety in its forms, which latter n'qiiire to be studied in dW-ail, as 
they often furnish the principal cliaracters for the discrimination 
of species of Plowering Plants and Perns. It is ordinarily a flat 
plate, possessing an upper and lower surface, turned respectively 
towards the sky and the earth, two margins, a base, and an apex. 

In plants of succulent habit the thickness of the leaves is often so great 
that the sides are as broad as the surfaces, or they are more or less 
confounded in a eylindricaljpri8?nattc, or some similai'fomi {Mesetnhryan^ 
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themum) f and similar external forms are presented by tbe cylindrical or 
battened fistular leaves of the Onion, &c. 

If the blade stands alone upon an undivided petiole, or is sessile 
on the stem, it is called simple (figs. 54, 55). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is com- 
pound (fig. 64), and its separate blades are called leaflets. Both 
simple leaves and leaflets may be entire — that is, the blade inay be 
undivided at its margins ; or it may be more or less deeply incised 
or lobed. The divisions or branchings of such leaves are analogous 
to the monopodial branching of the stem (p. 38). 

Form. — The general form of simple and compound leaves, and 
the character of the subdivisions of the blade of simple leaves and 
of leaflets, are associated with the plan of arrangement of the ske- 
leton of the leaf. The solid framework of leaves is composed of 
woody structures which when large are usually termed rihs (costce)^ 
the small divisions being called indifferently nerves or veins. The plan 
of arrangement of the f ramework is called the nervation or venation ; 
the ordinary custom is to call the principal ribs nerves^ and the 
smaller branches veins. When a distinct principal rib, continuous 
with the petiole, exists, it is called the midrib. 

The superabundance of terms is an inconvenience here as in many 
other departments of Botany. Wliere it is ne(;ossary to select, it is 
advisable to choose those terms which arc least objectionable as not 
involving hypothetical notions of function. 

Nervation or Venation. — The modes of nervation of leaves may 
be classed under four principal heads : — 

1. ISlraiflU- ov parallel- nerved ( folia parallelinervia), when (with 
or without a midrib) the principal ribs run in more or less 
parallel lines from the base to the summit (fig. 66). 

2. Curvinerved (/. carviuervia), when the principal ribs run in 
curves from tbe base to the summit (fig. 67), or from the mid- 
rib to the margin (fig. 68) — diffrning little from the foregoing, 
but occurring in broader leaves. 

3. Palrnmerved (/. pahninervia), when the principal ribs radiate 
from a point at the base of the leaf (fig. 69). 

4. Penninerved (^f, penniim'via)^ when the strong midrib gives 
off the side-ribs at a more or less acute angle, like the blades 
on the shaft of a feather (figs. 68 & 70). 

The term iriflle-nerved (triplincrvia) is sometimes used for a modifica- 
tion of No. 4, approaching to No. 3, when the midrib gives off' on each 
side near the base a strong side-rib, which runs up within the margin 
towards the summit. Feidher-rihhed (inmninervad) and hand-ribbed (pal- 
rninerved) leaves are most common among the Dicotyledons, but they 
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occur also in many Monocotyledons, — the former, for example, in many 
Palms, Musacese, iiingiberacefie (fig. 68), &c. j the latter in the Fan-palms, 

Fig. 66. 


Fig. 07. 



Fig. 08. 




Fig. 66. A paralli'i-nervod loaf. 

Fig, 67. A ourvinerved loaf of Gloriom truperha, terminating in a tendril. 

Fig. 68. A penninerrod leaf of Cannat witti curved secondary nerves. 

Smilaceae and Dioscoraceie, &c., where there is a transition to a curved-- 
Hbbed condition (fig. 67), which, with the HtraighUrihhed (fig, 66), is 
most common in the Monocotyledons. Straight-ribbed leaves occur not 


A palmi nerved 
serrate leaf. 


A penninerved entire leaf 
with a marginal vein. 


A Bubrotund, entire, 
penninerved leaf. 


unfrequentljr in Dicotyledons, as in Laihyrm, &c. The most important 
distinction in the ribbing of the two groups is, that in Dicotyledons the 
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main rib or ribs branch repeatedly at more or less acute angles, and 
anastomose by their slender twigs, so as to form a netted or reticular 
framework ; while in most Monocotyledons the branches passing from the 
main ribs go off nearly at right angles, become suddenly much more slender, 
and form a kind of square latticed or canceUate framework when they are 
strongly developed (tig. 70). 

Forms of Leaves. — The general outline of leaves or leaflets is indicated 
by certain technical terms, such as : — mrmlar or orbicular {Hydrocotyh, 
Tropceolum majus) (fig. 87) ; roundish or suhrotund, approaching the ibre- 


Fig. 72. Fig. 73. 



Fip. 72. An elliptical serrate leaf. Fig. 74. An obovate entire leaf. 

Pig. 7S. An ovate, acute, and dentate Pig. 7b. An entire lanceolate leaC 

leaf; venation arched. edges revolute. 


going (fig. 71) ; elliptical (fig. 72) ; ovate, egg-shaped with the broad end 
nearest to the stalk (fig. 73) ; obovate, the same shape, with the narrow 


Fig. 77. 


A hastate leaC 


Fig. 7G. 



A sagittate leaf. A oordate and abruptly 

acuminate lear. 
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ii€ia*est to the staDc (fig. 74) ; lanceolate or toee-shaped (fig. 75); 
r^^iform or kidney-shaped (fig. 79) ; rhomhoiM\ ii^ngtdar] or the 
rev^e of this, cumate or wedge-shaped (fig. 88) ; deltoid ; ^atwate or 
spatula-shaped (fig. 80); endform or sword-shaped (as in the Garden- 
fifeg) ; Umar^ a long narrow form with parallel margins (fig. 81) ; swo«- 
ktte or awl-shaped, a slender, short linear form soon ending in a point 
(fig. 82) ; acerose, needle-shaped and rigid (Pines, Juniper, &c.). 

Fig. 83. 



Sometimes the forma nre intermediate between some of the foregoing, 
in which case two ot the teims are combined, such as omte-lanceolatCf 
signifying a leaf broader than lanceolate, and with the lower half wider, 
as in ovale ; Imem'-lanc.eolate, a long and narrow lance-shaped blade, and 
so on. The term oblitjue is applied to leaves where the portions on either 
side of the midrib are unequal, Jis iu the Begonias, Lime, Elm, &c. 
(fig. 83;. 

Base of the Leaf.— Special terms are also required to describe the 
character of the base of the h- if. Thus, mgdtale or arrow-shaped (fig. 76) ; 
hastate or dart-shaped (fig. 77) ; cordate j the shape of a heart on playing- 
cards, with the broad end nearest to the stalk (fig. 78) ; obcm'date, the 
same shape, with the point attached to the stalk (fig. 108) ; cordate at the 
base may be added t(^ ovate, elliptical, or other form, where this condition 
exists ; if a sessile leaf has a cordate base, it becomes auriculate or eared 
(fig. 84) when the borders are free, amplexicanl or clasping if they adhere 
to the stem. The last form is a transition to the decurrent state. 
When the posterior lobes of a sessile leaf extend round the stem com- 
pletely and become confluent on tlie oll.er side, the stem appears to run 
through the leaf, and the leaves are called j}€r foliate (tig. 85) ; when the 
basilar lobes of a pair of opposite leaves cohere on each side, so as to pro- 
duce a similar condition, the leaves are termed connate (fig. 86). Some- 
times the blade is gi’adually narrowed towards the petiole, and becomes 
attenuated at the base ; when the blade passes still more gradually into a 
broad- winged stalk, a spatulate form results. 
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Rff. 86. 

Fig. 84. 


An auriculattj leaf. A perfoliate leaf. Connate leaves. 

Fig. 87. 

Another character relating to the base is the 
mode of attachment of the blade to the petiole. 

Usually the iriidrib, or set of primary ribs of tiie 
blade, is in a direct line with the petiole ; but some- 
times the ribs, as they pass from the petiole into the 
blade, separate and radiate horizontally from the top 
of the stalk, so that the latter appf^ars to be inserted 
into the back of the leaf ; such a condition is called 
•oeltaiej and occurs in Tropcpolnm majm and other 
plants with orbicular \Qixvm (fig. 87). 

Apex of the Leaf. — The apex or point of the loaf a peltate orbicular leaf, 
has certain characters : it may he or sharp 

(tig. OG); acummatcy or with the point drawn out gradually Fig. 88. 
(fig. G8), or abruptly (fig. 78) ; or mucronatcj wlum it is tipped 
with a spim (fig. 88). It may also be obUme, when an ordi- 
narily pointed form is suddenly rounded off at the tip; (mar- 
ginalcy when there is a shallow notch whore the point should 
be ; retuse, when a notcli of this kind is deep : this last form 
approaches to the ohcAwdate (fig. 108). 

Margin of the Leaf. — The margins of the leaf are cither 
entircy that is, wdth an unbroken edge (fig. 71) ; crenatc^ when 
they exhibit a series of small rounded teeth or scallops 
(%. 79); dmtate wdien the feeth are acute and pointed ra- nate leaf, 
diaily (fig. 7G); mrraUy when sharp teeth point towards 
tbe apex (fig. 8G) ; retroserrate, when sharp teeth point towards the base. 
If there are coarse teeth, the margins of which are again more finely 
toothed, as in the Elm, the leaves are (hmhh/ nerratc (or doubly dentate). 
Sometimes it is requisite to say, irregularly toothedy or incisedy as in many 
Thistles; and these teeth, as well as those of regularly dentate or serrate 
leaves, may be tipped with spines, when they are tenned spinose-serratCy 
&c. When the outline exhibits shallow wavy curves, it is sometimes 
called repand (figs. 8(> & 87). The margin may also be revolutCy or rolled 
back toward the lower face (fig. 75), or involute when rolled round on to 
the upper surface. Sometimes, through excessive growth of the marginal 
parenchyma, the edges of the leaf are undulated (as when the edge of a 
strip of paper swells from being wetted (fig. 95)). 
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Lobed Leaves. — A v&rj lar^e number of simple leaves, and of leaflets 
of compound leaves, are di video more deeply between the principal ribs ; 
to such the general name of lohed leaves is often applied, and the more or 
less distinct parts are called lobes; thus we may nave hihhed (fig. 89), 
trilobed (fig. 90), and so on, according to the number of the divisions. 


Fig. 91 . Fig. 02. Fig. 93. 



But it is found requisite in Descriptive Botany to subdivide lobed 
leaves into more definite classes ; of these there are two principal types, 
defined by the character of the rihhmg. . When the ribs are arranged on 
the feathered plan, we first take the prefix phmati^ (feathered)^ and sub- 
join to this a word indicating the degree or kind of dndsion, thus : pinna'- 
tifid { feather-cleft)^ if the broad notches betwt^en the lobes extend from 
the margin to about halfway between this and the midrib (fig. 91); 
pinnatipartite, if the notches extend nearly to the midrib (fig. 92) ; pinna-- 
tisectj if the separate lobes are almost free, and merely connected by a 
narrow strip of parenchyma. Certain hiss frequent modifications of these 
forms of the feathered type are conveniently distinguished by technical 
terms, such as : — sinuate, a form either of the pinnatifid or pinnatisect leaf, 
when the excavations and the apices of the lobes are rounded, as in the 


Fig. 94. 


A palmifld leaf, the nine acute lobes 
serrated. 


Fig. 95. 



A palmipartite leaf, the five oblong 
lobes undulated. 
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common Oak-leaf ; lyrate^ a pinnatifid or pinnatipartite leaf, with the end 
lobe much larger than the rest (fig. 93) ; runcmate, a lyrate or simply 
pinnatifid leaf with the points of the lateral lobes turned towards the base, 
as in the Dandelion, when the incisions are deep, but very irregular in 
size and form, the term laciniate is sometimes employed. 

When tho ribs have the palmate arrangement, similar terms are sub- 
joined to tho prefix palmi^ or palniati-^ or palmifid (fig. 94), pahnisect 
(fig. 96), and pahnipartite (fig. 95), according to the depth of the divi- 
sions. A special modification of this type occurs not unirequentlv, when 
the lower or outer riba, and consequently the basilar lobes, turn back moro 
or less towards the petiole j such leaves are generally deeply cut ; but the 
general prefix pedati- may be used in the words yedatijid^ pedatisect^ or 
pedatipartite (fig. 97), according to the rule given above. Such leaves 
may be compared to aympodial ramifications; the central lobe is the 
primary one from which on either side lobes of the second degree are 
formed ; these produce tertiary lobes, and so on, but always on one side 
only, as in some forms of definite ramification. 


Fig. 96. Fig. 97. 



A palmisHct leaf, the segments A pedatipartit<? leaf, the 

oblong-obovate serrated. segments lanceolate. 


The hilobed, trilohed^ quinquelohedy and similar forms are usually refer- 
able to the palmate type, and should be more definitely named if they 
occur in a genus where the leaves exhibit many of these forms, in a cotir- 
slant manner ; if the leaves are inconstant in the depth of the divisions, 
these more general names are prt^ferjible. 

Simple leaves divided on the feathered plan exhibit also more compli- 
cated conditions. The primary lobes of a pinnately cut leaf may be sub- 
divided again in the same manner, and the secondary lobes a^ain into ter- 
tiary lobes. These are named on the same principles, hipinnati-, tripinnati- 
-sect, or •partite j according to the degree of division of the last set of 
lobes f i, e, of the secondary lobes of bi pinnatifid (fig. 98) and the tertiary of 
tripinnatifid. When the leaves are subdivided a fourth time^ or even 
where tripinnatisect leaves have JUiform segments^ the term dissected is 
usually employed. 

It must be borne in mind that the terms above defined are applied in a 
similar manner to the leaflets of compound leaves, next to be described, 
being subjoined in description to the terms which define the plan and 
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degree of division of the petiole. They also apply to the bracts, sepals, 
and all other organs of a leaf-like character. 

Compound leaves are such as have the petiole branched once 
or more times before it bears blades ; the branches of the petiole 
are called partial petioles or petiolules, and are often articulated to 
the main petiole, Mdiich in this case is occasionally termed the 
racJds. Stipels occur at the bases of some partial petioles. The 


Fig. 98. Fig. 90. Fig. 100. 



A bipinnatifid leaf. A paripinnate leaf. An imparipinn’ate leaf. 


separate blades of the leaf are called leaflets {folwla), or pinnee. 
Compound leaves may be classed generally into simply, doubly, 


Fig. 101. Fig. 103. 



Fig. 101. A binate or uniju§»te pinnate leaf 
Fig. 102. A bipinnate leaf, the pmn« unijugate. 

Fig. 103. A bipinnate leaf, the multijugate pinuee paripinnate. 
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triply compound or decompound {suprcfdecomposita)^ according to 
the number of the successive branchings of the petiole. The rami- 
fication follows the same types as that of the ribs of sijnple leaves, 
and exhibits analogous subordinate modifications. 

Pinnate leaves are such as have a rachis bearing sessile or stalked 
lateral leaflets arranged on the feathered plan. Sometimes there is an 
odd terminal leaflet, when the leaf is unequally or imparupinnate (fig, 
100), When there is no end leaflet, the leaf is ahmptly or pari-pinnate 
(fig. 99), Interruptedly pinnate means that the opposite pairs of leaflets 
are alternately large and small, as in Agrimmiia. The pairs of leaflets 
are sometimes called ; and if only one pair exists, the leaf is unijugate 
(fig. 101) ; if more pairs, multijugate. It the leaflets are not in pairs, but 
alternate with each other, the leaf is alternipimiate. 

Fig. 106. 



Bipinnate leaves are formed when the main petiole bears secondary 
petioles with distinct leaflets pinnately arranged (figs. 10S~104). Tn- 
pinnate leaves exhibit an additional (tertiary) series of partial petioles 
with distinct leaflets (fig. 106). When the division goes beyond the third 
degree, the leaves are called decompound (fig. 100) ; but it is more common 
to find bipinnate or tripinnate leaves with their leaflets pinnatifid, 
-partite, &c. 

Palmate (or digitate?) leaves are such as have a number of distinct 
leaflets arising from one point, like tlie ribs of a simple leaf when the 
plan is palminerved. Bi- or tripalmate leaves are very rare (Araliaceie). 
The only modification appears to be the pedate leaf, analogous to the 
pedatisect simple leaf, but with distinct leaflets (fig. 107). 

The terms temate, quinate, and septmate are often applied to palmate 
leaves with a definite number of leaflets, Ternate leaves, however, may 
occur either on the palmate (fig. 108) or pinnate plan ; if on the latter. 
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there is only one pair of lateral leaflets and a terminal one, but in these 
the petiole is ordinarily developed between the pair of leaflets and the 


Fig. 106. 



Fig. 106. A. pinnateiy decompound leaf. 
Fig. 107. A siedate leaf. 


Fig. 107. 



Fig. 108. A ternate leaf with obcordate 
leafletB. 


end one. What are called hitm'nate (fig. 100) and triternate compound 
leaves are in most cases pinnate leaves with unijugate and terminal 
leaflets. Such leaves should perhaps be called ternatv-pinnate or hiternato^ 
pinnate y &c. 

A modified form, apparently intermediate between pinnate palmate 
leaves, like some ternate leaves, occurs through the suppression of the main 


rachis of the bipiunate leaves of 
called a palmipinnate form (fig. 1 J 

Fig. lot). 



A bitcruate leaf. 


Acacias, giving what may be 


Fig. 110. 



A palmipinimte leaf. 
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The leaflets of compound leaves of Flowerinj? plants are ordinarily called 
piunte^ and their subdivisions lohea^ but in the Fei'ns, where the leaves 
are highly compouud, and the segments somewhat variable in the degree 
of confluence, the primary divisions of the leaf are called pinnm, the 
secondary pinmdeAj and the tertiary lohrs or sci/ments. In highly coin- 
pound leaves, the rainilication of tlie petiole and subdi\ ision of the lami- 
nar structure become less complex toward the apex. 

Terture. — The varieties of texture of ordinary leaves depend 
chiefly upon their anatomical condition ; but it is requisite to 
notice here several terms, such as membranous, leafhe.rif (or coruwe- 
ous), succulent, &e., used in Diiscriptive Botany, but wtiich scarcely 
require explanation. lu aquatic plants the leaNOs are usually of 
slighter t(‘xture : when tliey on water {natant leaves)i\\e forms 
and general external (characters are not nundi modified ; but when 
th(;y grow wholly under water (sufnnen/ed Leaves), tluw are not only 
more delicatcj, but are sometimes cut up into tine filiform segments, 
as in lianuneidus aquatiUs. 

Duration. — The duration is different in different plants. Those 
which are unfolded in spring and fall off in autumn are called 
deciduous. What are cal hid cvenjreen l(‘aves vary in durat ion : thus 
in ordinary evergreens, such as Ivy, Ch(‘rry-laurel {Prunus Lauro- 
cerasus), &c., the leaves remain througli the winter and fall oft* 
only when th(3 new ones are l.uHfoming dev(doj)(Hl in the spring ; 
while in many (Aiuifers, as in sjiecios of Pinas, Araucaria, the 
leaves rmnain attached for many years. 

Th(} anatomical structuiui of leaves exhibits many interesting modifica- 
tions, relat(^d in some degreii to the imulia and climates in which plants 
grow. These will be more particularly cxplaim'd in another place. 

Surfaces. — The surfaces of leaves, like those of herbaceous 
stems, exhibit a variety of conditions dtq)eiidciit on the character 
of the (‘j)id(}rmal layer. 

Glahresccnt is used to signify that a surface, liairy when young, becomes 
smooth when the leaf is mature, by the hairs falling off. Some 
siiHJoth surflices artJ shininy ; and this is very oft en the case with the 
upper surface of evergreen leaves. TIairy surlaces are differently denomi- 
nated, according to the character of the hairs and their mode of occur- 
rence. Thus a pilose surlace is covered with scattered soft and small 
hairs, a hirsute with scattered long hairs, a hispid with scattered stiff 
hairs; while a surface is covered closely with short soft hairs, 
a villous closely with longish weak hairs ; and when the hairs are curle(l 
and interwoven, the terms silky (serieens), woolly {la natus), felted (tome/i’- 
tosus),^ or flovcose, are applied according to the coarseness of the hairs and 
the thickness of the coat they form. 

What may he called the natural smoothness of surfaces may be 
interfered with by other irregularities analogous in their nature to hairs. 
Slight, almost invisible rigid projections render the surface scahrms: 

F 



66 MORPHOLOGY, OR COMPARATIVE ANATOMY, 

hard rigid hfiir-like processes, called hrktles or sc/a?, make the surface 
setose ; and similar structures still more developed (oeciirri?ig mostly at 
the apex and the points of the teeth of leaves), called spwes^ sometimes 
occur and produce a spinous surface. Modified, usually compound bans, 
containing oily or resinous secretions, are called glandular hairs, rendering 
a surface viscous or glutinous, which conditions, however, are sometimes 
produced by glands sunk in the epidermis. The glands are sometimes 
superficial "productions from the epidermis or skin of the leaf, at other 
times they are outgrowths from tne tissue of the leaf itself, as will be 
described more fully when their structure is considered. Stings are long 
stiffish hairs containing an irritating fluid. Scaly {lepidotus) surfaces are 
produced by the occurrence of minute stalked flat scales, analogous in 
their nature to hairs. Sometimes the cuticular layer of the leaf separates 
in minute scale-like fragments, giving a seiirfy appearance to the surface, 
which is termed furfuracemis (as in the leaves of the Pine-apple and its 
allies)# The pruinose condition is that which results from the conversion 
of the cuticle into a thin detachable film of waxy matter, of which the 
bloom” of plums, grapes, &c. affords an example. These structures 
will be more lully descrioed under the head of Minute Anatomy, 

Characters afforded by Leaves and their Modifications, — ^In 

Descriptive Botany attention is specially paid to the situation, 
attachment, duration, direction, arrangement, form (general and of 
base, apex, margins, surfaces), colour, texture, &c», as above 

described and as further illustrated in the section on the mode 
of describing plants. With the necressary modifications, the same 
directions apply to the parts of the flower, &c. 

Special Modifications of the Leaf and its Parts, 

IJnder the head of the petiole we have spoken of phyllodia as 
blade-like forms of the petiole (figs. 57 & 58). Not only does 
the leaf-stalk exhiUt this and other modifi(.*ation8, disguising its 
real nature, but the blade also and the stipules are subject to 
similar modifications, in which the organ or region is only re- 
cognizable by its position and relations. 

As these metamorphic structures fall under certain types, which are 
represented in different cases by all the different regions of the leaf, it is 
most convenient to describe them under special names. 

Pitchers {asddia) are structures of the form indicated by their 
name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. 

One of the best-known examples is found in the Nepenthes, or Pitcher- 
plants, in which a portion of the leaves exhibit a very long stalk, winged 
at the base, supporting at the extremity a pitcher-like sac of ordinary leafy 
texture, furnished at its mouth with a little flat plate resembling a li& 
(fig. 111). The pitcher is commonly explained as a kind of phyllode, or 
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foliaceous petiole, rolled up, and with its margins confluent, the lid-like 

. 1 1 • * / • Ij. 


Fig. 111. 



body being regarded fis the lamina ; but it appears 
more correct to consider the pitcher as the lamina 
furnished with a distinct terminal lobe (operculum ) . 

JSarracema, a North-American bog-plant, has 
analogous pitchers, which are sessile at the base 
of the flowering stem; Heliaynphora (Guiana) 
has the pitcliers less complete, the inner side 
being slit down as it were for some distance, 
from the imperfect confluence of the margins 
of the leaf. In Dischidia liafftesiana the pit- 
chers Jire plainly formed from the blade, and 
are open at the end next the petiole; and a 
similar condition exists in the pitchers formed 
from the bracts of Marcgravia and Norantea, 

Somewhat allied to the above, on a small scale, 
are the utriculi, or sacs of the Utricularice (fig. 

112), little bladder-like organs, closed at first by 
a lid, developed from some of the lobes of the leaves of these aquatic 
plants, and apparently serving as " floats ’’ and as traps for insects. In 
other aquatics ( Trapa, &c.) floats are formed by inflatea 
petiolesy constituting as it were indehiscent pitchers, sur- 
mounted by ordinary blades. 

Teratolo^cal illukrations of the origin of pitchers 
are occasionally afforded by garden plants. This has 
been especially observed in the Tulip, in whicih the 
leaf next the flower-stalk has been found with its 
margins completely confluent into a kind of spathe, 
which bursts by a transverse fissure to allow the flower 
to appear. 

Tendrils {drri) are thread-like processes, curled spirally, by 
Fig. 113. 


Pitcher of Nepenthe* 


Fig. 112. 



Utrioulas or air- 
sac of Utricularia. 




Tig. 113. Leaves of ZaihprM ApAoca. represented by tendrils, with large foliaceous stipules. 
Fig. 114. Leaf of Qlorioga auperbUf prolonged into a tendril 
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which wealcHstemmed plants attach themselves to 

They may be modifications of any part ot the leal or ot a branch. 

In LcOiyrm the blade-structure of the leaf is more or leas defieumt in 
L^ZorJ^ S-e?rS“the"ynnal^^ compound J?, 

leaflets, arid usually, orm pan 

ordinary place < 
are several p 
terminal one. 
lamina runs c 

the two stipules ai‘e reprostmted by a niur ... 

(hicurbitacem one tendril only occurs, whicli some regard as a stipule, 
others as a inetamoi'pliosed Iwil^ others, agaiu, as a braueJi or iiedmicle. 

Fi". ]1(). 



of tendrils 


Fig*. 115. 




Fig-. 117. 


Fig. 115. Tendrils of Strifax nxpera, formed from this stipule 
Fig, 115. Leaves and tendrils ofihe Vine. 

The tendrils of the Vine (fig. 11(5) are modified flowering branches, 
originally terminal but displaced during growth so 
as to become placed opposite to leave.'-', and often 
tuberciilated by the existence of abortive flower- 
buds. The nature of the axillary tendrils of Passion- 
flowers is similar. 

Spines {spina^) or thorns are hard, sharp - 
pointed woody processes, formed, like tendrils, 
by modification of entire organs or parts of siicli. 

Thus in the common Berberry some of the leaves 
are represented by compound spines, in the axils of 
wiiich arise fasciculate groups of leaves. In the 
False Acacia-tree (liobinia Pmtdacacid) the stipules 
are represented by a pair of spines at the base of the 
petiole (lig. 117),* while in certain species of Astra- 
galus the petioles are con^ erted into spines after the fall of their leaflets. 



Base of the leaf of l{o~ 
binut, with stipules de- 
veloped as spines. 
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Spinous processes are developed upon the petiole in the upper part 
of the leaves of certain Palms {Plectocomia), and even on the surfaces of 
some leaves, as in some varieties of lloll3^ 

True spines, however, are more frequently dependencies of the stem : 
thus in "trio Gooseberry they are developed from the pulinnus^ below the 
base of the petiole. In the Plack-tliorii spinosa) the spines are 

real branches (hg. 118), as also are the spines of GlediUchia triacantho^ 
(fig. 119), and the principal spines of Furze (Ulex)^ in which, however, 
the points of the leaves are spinous also. 


Fig. 118. 



Fig. 119. 



Fig. 118. Spinous branch of Jh'unnH npinma ( Black-thorn). 
Fi{?. 1 ly. Spinout) branch of OlediUchia triacanlhoB. 


Prickles {acaUd)^ pro])erly so calhid, are sharp woody ])roco.ssos, 
straight or curved, occurring upon steins, leaf-stalks, at the points 
or on the margins, or upper surface of leaves. They are distin- 
guished from true spines by their originating from the epidermis, 
like hairs, glands, &c., and by having no connexion with the 
internal woody substance of the stem or ribs of the leaves &c. 

Gland.s. — This is perhaps the most convenient place to mention 
the nodular or discoid glandular bodies that occur in connexion 
with certain leaves, as on the petioles of Passiflora &c. They are 
distinct in their nature from the epidermal glands before mentioned, 
and considerable attention has been directed to tliein on morpho- 
logical grounds ; hence they will be adverted to again in speaking 
of the flower. 


Sect. 5. The Leaf-bdd. 

The bud is a compound structure, composed of a solid conical 
basis, or growing point, supporting a number of rudimentary 
leaves. In the leaf-hvd^ or rudiment of a shoot, the conical base 
represents the future stem, with its intemodes as yet undeveloped ; 
the scales are either entirely rudimentary leaves, or a portion of 
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them on the outside are modified leaf- structures, forinuig 
the protection of the inner leaves, and destined to i;ill olt vn 
the W expands. In the early conditions, ih^floweM is essen- 
tially analogous to a leaf-bud ; but its ultimate history is diflerent, 
as will be shown hereafter. 

Many of the ironeral characters of buds have been described already, 
under fee head of the stem (pp. 34, 35) ; but there are 
special peculiarities which require separate trplineiit here ; and re})ttition 
of certain more important facts will not be disadvantageous. 

In all seeds, except those of the few Orders which present an 
incomplete or acotyledonons embryo, the young plant is possessed, 
at or soon after the time of germination, of a rudimentary bud, 
called the lylumule, situated at the point of growth of its ascending 
axis (figs. 120-122). This is the terminal bud of the young 

Ilff. 122. 



Fig. 120. MonocotyledonoUB embryo of Poiamogeion, cut through perpendicularly : a, radicle ; 
6, cotyledon ; c, plumule. 

Fig. 121. Dicotyledonous embryo of the Bean {Faba)^ with the cotyledons, 6' 6', separated : 
a, radicle; e, plumule. 

Fig. 122, Diagram of a germinating Dicotyledon, with the plumule or terminal bud between 
the expanded cotyltjdons. 


plant ; and stems and shoots only retain the power of elongating 
so long as they possess such a bud at their extremity. When it 
is removed by artificial means, by frost, or, by metamorphosis, is 
replaced by a flower, the onward growth of the shoot ceases. 

Axillary hnds are the origin of the ramifications of stems. 
They are developed in the a.vUs of leaves ; and as they unfold into 
secondary axes, they become the terminal buds of such shoots. 
Other axillary buds are formed at the nodes of these secondary 
shoots, to repeat the ramification by developing into tertiary axes 
according to the type of the species (see p. 34). 

Adventitioiis or accidental buds are those which appear, con- 
trary to the usual order, at indefinite points, unconnected with the 
axils of leaves. Generally speaking they are abnormal products, 
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presenting themselves under special conditions. They usually 
occur on organs in a very active state of vitality, subjected to 
stimulating external conditions, especially where, through natural 
or artiiicial o})erations, there is an absence or msuliiciency of 
normal buds to carry off the developmental energy of the plant 
or organ. 

Adventitious buds may be produced from any part of the plant. With 
regard to those produced on old stems, as in pollarded trees, or those which 
occur on subterraneous stolons, as in the Hose, Ash, &c., it is not always 
easy to decide without dissection whether the buds are really adventitious 
or merely latent axillary buds stimulated into development j but true ad- 
ventitious buds do occur. The production of adventitious buds on true 
roots has been frequently observed, as in Pi/rm japomca^ Madura auran-- 
tiacUj Paulownia imperialism &c. ; and the Anemone japonica is commonly 
propagated by cuttings of the root. The formation of adventitious 
buds on leaves is a still more remarkable physiological phenomenon. It 
has been observed chiefly in succulent leaves, but it is not exclusively con- 
fined to them. When it takes place, the first sign of development is the 
production of adventitious roots, followed by the formation of a cellular 
nodule which subsequently assumes the character of a bud. Among 
natural examples, the leaves of Cardamine pratensis have been observed 
to form adventitious roots on the lower side when lying upon wet ground, 
and even to produce buds ; the leaves of several Ferns, such as Woodwar- 
dia radicansy root at the end, and produce buds which propagate the plant ; 
and many similar instances might be cited. Artificial production of buds 
on leaves is now a familiar fact, under the influence of heat and moisture, 
not only on the scales of bulbs, but on the green leaves or even fragments 
of the leaves of Bryophyllum, Echevericiy Gloxiniay GesnerUy Iloyay &c. ; 
the Orange and the Aucxdta japonica may also be propagated by their 
leaves. Hometinies the leaves produce rootlets alone, and remain stationary 
without having force enough to develop a bud. 

The formation of adventitious buds on leaves, especially in BryophyUumy 
where a number are often produced, arranged on the margin, is of great 
interest in connexion with the theories of the structure of ovaries and 
the origin of the ovules. 

Bud-scales. — The bud which continues the growth from the 
plumule of a germinating plant (fig. 122), aud the axillary buds 
produced during a season of active growth, are composed of rudi- 
mentary leaves ; but the wdnter- or resting buds formed on most 
deciduous trees and shrubs of temperate climates present the 
modified foliar organs called hud-scales (^perulfr)^ analogous to the 
scales of bulbs and other subterraneous buds of herbaceous plants 
(figs. 123 and 124). Buds without scales are called naked. The 
scalesy >vhen present, are mostly of leathery or membranous texture, 
and are often clothed more or less densely with hairs, which are 
sometimes glandular and produce a resinous or glutinous secretion, 
which exudes when the buds swell. 
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When winter-huds swell and open, throwing off their seules, the inter- 
nodes between the latter do not elongate, while those between tlie na. 
cent leaves do: consequently the starting-point of OMeii annual perio 
of growth of a branch wdth an indefinitely developt^.d tcnnnnal bim is 
indicated by a little band of scars marking the place where the scales 
stood. 


Fig. 1251. 



Pig, 128, Section of I cud of a shoot of the Horse-chestnut, showing the terminal and two 
axillary buds ; the terminal bad contains an infloresoenoe, surrounded by scales 
and rudinicntary h'aves. 

Pig. 124. Bud-scales a, A. and rudimentary leaves c, d, from the winter-bud ot Frunus Avium, 

The first two s< les of a bud of a dieotyledonous plant, like the 
tW'O cotyledons of t lio embryo, usually stand right and left of the 
axil on w^hich the bud arises ; the succeeding scales assume at once 
the regular character of arrangement of the leaves of the species. 

In winler-buds there is commonly n gradual transit! f)n from the pure 
scale to the true leaf (fig. 124), as occurs in bulbs ; and the scales, ns in 
bulbs, are referable cbielly to the vaginal or petiolar portion of the leaf. 
But the scales original? dillerently in difierent cases: thus we have 
petiolar sealers as in the A\'alriut andTlorstvchestnut ; stipvlar scales, as in 
the Vine, Oaks, Elm, Poplars, S<c . ; in this case, how^ever, especially in 
the outer scales, the stipules and the petiole are confluent into one organ 
(Pf^unnsj liosa, &c.) (fi}?. 124). FoHaveous scales are formed by the blade 
of the leaf, of which ^ve have examples in the Lilac, Maples, Coniferce, 
&c. 

Yemation. — The mode in w^hich rudimentary lea^^es are arranged 
ill Jeaf-buds is called the vernation, and furnishes important syste- 
matic characters. Two points have to he regarded here, viz . : — 
1, the arrangement of the loaves in relation to each other ; and, 
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2, the maiiDcr in which each separate leaf is folded. The pjeneral 
arrangement is called tmbricate or according as the margins 

of the leaves overlap one anolher or simply meet without over- 
lapping; but more minute distinctions are observed, and these 
depend to a great extent on the phyllotaxis of the species. Thus 
with the 5, f, or other spiral plan, we have usually triquetrous 
(fig. 120) or quincuncial (fig. 128) imbricate buds proper; with 
alternate ^ or distichous leaves the vernation may be equitant (tig. 
125), where each leaf, sharply folded {cond aplicate)^ completely 



Sections through Buds, showing their reciprocal vernation. 
Fig. 12f). Imbricated, and equitant (of a Oruss). 

Fig. 126. Imbricated, triquetrous (of a Carex). 

Fig. 127. Tnduplieate, decussate (of the Apple). 

Fig. 128. Imbricated, quincuncial (of a Poplar). 


embraces its successor (as in the Flag), or half -equitant or olmilute^ 
where the leaves are similarly folded, but each h^af embraces only 
one (lateral) half of the blade of its successor. Valvate buds occur 
mostly where the leaves are opposite ; a modificiition of this form 
exists where the margins of the leaves are rolled inwards (fig. 127), 


and is called induplicate vernation. 

The individual leaves pig-. ]20. Fig. 130, 
in a bud are either fal^ 
folded.^ or rolled. T\n’ f h 
first, of course, no spe(;ial 
term is requisite. Of the 
folded leaves we have : — 
reclinate, or inflexed,\^'here 



Fig. 131. 



the leaf is folded horizon- 
tally, so that the point is 
brought down to the base 
(JLiriodendrord) ; cond.upli- 
cate (fig. 125), where the leaf 


Sections throiigh leaves showing their 
individual vernation. 

Pig. 129. Vernation of a plicate leaf. 

Fig. UiO. Vernation of a convolute leaf. 

Fig. 131. Vernation of revolute leaves. 

3 folded perpendiculaidy at the 
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midrib and the lateral halves are placed face to face (Oak) ; and 
plicate (fig. 129), where the blade exhibits several perpendicuto 
folds, as in a fan (Vine, Beech, Maple, Currant, &c.) ; this last is 
often combined with the preceding. When rolled up, also, the 
rolling may take place in either direction : where the apex of the 
leaf is rolled down toward the base, as in the Perns and in the 
flower-stalk of Drosera, it is circinate ; if the leaf is rolled up from 
side to side like a plan, with only one edge free, as in the Cherry 
&c., it is convolute (fig. 130) ; when both margins are rolled inward 
toward the midrib, it is involute (fig. 127) ; and vi'hen both margins 
are rolled outward toward the midrib, it is revolute (fig. 131). 


Sect. 6. Tjie Inflorescence. 

In all Plow^ering Plants, a portion of the buds change their 
character at certain })eriods and in certain situations. They cease 
to elongate and produ(?e true leaves, while the foliaceous organs of 
which they are coini>osed are gradually developed into tliat assem- 
blage of organs w^hich constitutes a flower. 

intimately arc the leaf-bud and flower-bud related, that, under 
peculiar conditions, producing monstrous growths, flower-huds are sci'U 
to expand into tufts of green leaves, or imperfect flowers to throw out 
leafy shoots from their centres; such cases arc often observed, for instance, 
in cultivated Poses ; aud leaf-shoots may likewise exhibit more or less of 
the characteristics of a flower, &c. 

Plower-buds are subject to the same law’s of arrangement as 
leaf-buds. The buds which commence the grow’th of the repro- 
ductive structures may be at once developed into solitary flowers, 
or, as is more common, the blossom-buds unfold into a system of 
branches termiiialing in flow ers, the branches all originating in the 
axils of modified leaves, called bracts. The solitary flower, or the 
connected system of flowers arising from one point, is called the 
inflorescence, which is either terminal or axillarif. 

The inflorescence is produced from the terminal bud, or from this and 
cue or more of the upper axillary buds, in most annual plants ; and there 
is often a gradual transition from the true-leaf stem into the bract-region, 
or inflorescence. The same is the case, to a great extent, with the 
flowering stems of biennials. The inflorescence of herbaceous perennials, 
bulbs, &c. is either terminal or axillary, as is that of arborescent plants. 
In the Horse-chestnut (fig. 123) and Lilac, for example, the terminal 
bud usually ends in a blossom, while in the Apple and its allies the inflo- 
rescence is axillary. 

^ When the inflorescence is developed from the terminal hud of an un- 
hrauched stem, the growth of the plant ends in the blossoming, aa is the 
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case in the Agave^ the Talipot and other Palms, which require a number 
of years to bring them to the point of flowering, after which they die 
away, like a bulb with a terminal inflorescence, the plant being some- 
times propagated at the same time by oftsets from the axils of the lower 
leaves. Tne inflorescence of other unbranched Palms, such as the Cocoa- 
nut, is axillary, and thus may be repeated indefinitely. 

A flow^er-bud may be either or stallced ; if the latter, the 

stalk is called the pedutuie. The branches of the peduncle or the 
slender stalks bearing the individual flowers are called pedicels^ 
and that portion of the main flower- stalk or axis from which the 
pedicels spring is sometimes called the rachis. 

Solitary flowers. — The simplest forms of inflorescence consist 
of solitary flou ers, either terminal (as in the Tulip), or axillary, 
when simple peduncles arise from the axils of ordinary leaves (as 
in Lysimachia Nummularia^ see also tig. 13, p. 23). 

The term scape (scapus) is applied to a stem devoid of true leaves, 
arising underground from the terminal bud or from the axil of a scale or 
leaf of a rhizome, bulb, iSiic. It may bear a single flower, as in tlui Tulip, 
or a group of flowers, fis in the Hyacinth, or a ‘‘ head ” of flowers, as m 
the Daisy, Dandelion, &c. 

When solitary flowers arise in the axils of ordinary leaves, the flower- 
leaf or bract-region of the stem is scarcely rtiprosented (fig. 13), or, Jit 
least, does not differ from the true-leaf region ; but, generally speaking, 
those parts of the stem which bear flowers are separated to a certain ex- 
tent from the true-leaf region, and form a distinct association of parts, 
representing the bract-region, lu the flowering stems of annuals and 
biennials it is often dillicult to draw a line at the boundary of the true- 
hiaf region and the iulior(‘scence, from the leaves passing insensibly into 
bracts from below upwards, as in the Foxglove. 

Bracts. — The leaves of the flower-leaf region of the stem are 
called bracts. They are mostly smaller than the leaves preceding 
them, usually simple, and often scale-lilie, or glumaceous, consisting 
of the vaginal portion of the leaf only. In the generality of cases 
they are green ; but not unfrequently they are tinged with the same 
colours as flowers (as in various Hages), or an) even entirely petaloid. 
In other cases they are membranous, and then often very transient 
in their existence. The diminutive term hracteole is apyilied to the 
small bracts which occur on the pedicels of certain plants, often 
in pairs. 

The term bracteole is loosely applied by some authors to the smaller 
bracts of a compound inflorescence ; but it is much more convenient to 
use the term bract for all leaves which subtend branches of the inflo- 
rescence, and to call those scales hracteolea which occur on an ultimate 
pedicel, as in many Leguminosse. In Monocotyledons there is usually 
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a single bracteole, while in many Dicotyledons there are two; in the 
former case the anterior surface of the bracteole is directed towards the 
primary axis from which the flower is |)roduced, in the latter the two 
bracteoles are lateral or oblique to the axis. 

As a general rule, all ramifications of inflorescence arise in 
the axils of bracts ; but the bracts are sometimes regularly abor- 
tive, as in the Cruciferao. On the other hand, we sometimes find 
the lower part of the infiorescence crowded with bracts with empty 
axils. 

Spathe. — In many plants the bract subtending the whole inflo- 
rescence or its principal branches is large, and forms a kind of 
sheath, called a spathe, Sometimes this surj-ounds only one flower, 
as in some Daffodils, &c., where it is of membranous texture ; the 
membranous spathe of the Onion and its allies emfloscs a dense 
inflorescence; in the Aracese (iig. 133) it is still more developed, 
and soimitimes of j)etaloid structure, as in the so-called Trumpet- 
lily {Uk'hardia (ethiopim), where it encloses the club-like inflores- 
cence ; w'hile in the Palms (fig. 134) it assumes enormous dinieri- 
sious and a leaf-like or even fibrous texture, forming a sheath to a 
large and greatly ramified inflorescence. 

Involucre. — In other cases, sevcu'al bracks are collected together, 
forujing a whorl or dejisely packed spire, called an involucre. 'Jhe 
lljiibeJJifera) have frequejitly verticiiJate involucres at the base of 
tlie umbels, and sometimes secondary whorls or wvolaeels at the 
base of th(>* st'condary umbels (fig. 140). In the Ooin2)Osita3 also, 
Avhere the fiou’crs an^ crowded ojj a common rt'ceptacJe, the bracts 
form an involucre (flgs. 14J— 14(>); smaller scale-like bracts occur- 
ring among the florets of these ca])itnla are called palexv (figs. 145 

i4()). 01h(jr examples of iiivoliKTC are furnished by the cirpules 
of the Oak, .Jk^(?(‘h, I'jlber*t, &c., whertdn the bracts are united or 
not disconnected at the base ; also by the outer gitimes or scales of 
the spikelets of (irasses. 

Forms of Inflorescence.— The different forms of the Inflo- 
rescence are divisible into two classes: — 1, the indejinite^ w^here 
the terminal bud of the main or primary axis does not form a 
jlow(‘r, the flowers being borne on secondary lateral branches, 
which are as a rule smaller and weaker than the main axis ; and, 2, 
the dejiniteu, whore thi3 primary axes either bear terminal flower- 
buds, wdiile the succeeding flowers spring from secondary axillary 
branches produced lower down, and subsequently to the terminal 
bud, or branch in a forked manner wfithoui producing a flower 
in the centre of the fork. The secondary branches are here as 
strong or stronger than the main axis. The forking is not neces- 
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sarily a true dichotomy, but may apparently be so owing to the 
abortion of the terminal bud. 

Examples of the indefinite form are seen in the OrucifersB, especially 
the Wallflower, where a few flowers at first appear in a tuft, while tlxe 
seed-vessels are afterwards wide apart on an elongated raceme, the upper- 
most being the youngest. In the Foxglove and similar plants we may 
produce a very long development of the indefinite structure by picking 
ofl’ the lower flowers as they wither, when, as no seed is formed, the in- 
definite terminal bud retains its energy, and continues to lengthen until 
the plant is exhausted. On the other hand we observe, in the Sweet- 
William, the Elder, and the Hydrangea, the centre flower of a tuft opens 
first, and the dejiniie inflorescence becomes wider aud wider, but never 
elongates or grows out in the centre. 


Fig. 182. 


Fig. 134. Fig. 135. 


Fig. 133. 






Fig. 132. Bpike of Vf^rhena officinalis. Fig. 134. Coii»]>ound spadix and of a Palm. 

Fig. 133. Spadix and spathe of Calla, Fig. 135. Compound 8i)iko, witli spikelets, of Loliurn, 

When an indejlrnie inflorescence is elongnl.ed the lowermost 
flowers open first, while if it be of aflat-topped or crowded character, 
the outermost flowers open first and the central ones last, as in 
the capitula of the Composita). Hence the indefinite forms of 
inflorescence are sometimes called centrij-tetal or proyressive^ and the 
definite cmtrifmjal or regressive. 

There is an exception to the ordinary regularity in the capitula of 
Dipsactis (Teazel), where the fiords open first halfway up, and then 
proceed- both centiipetally and centrifugally. 
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Forms of Indefinite Inflorescence. — Of the Indefinite Inflores- 
cence the following are the most important forms : — the spike, the 
raceme, the corymh, the umhel, and the capituium. 

Spike. — The spike is a long simple axis or rachis bearing sessile 
flov^ers, either standing at intervals, as in the Yervain (fig. 132), 
or crowded, as in the common Plantain and many Sedges. 

Several modifications of the spike have distinct names. When 
the rachis bears largo, persistent, imbricated bract-scales, it forms 
a cone or strobile, as in the Firs and Pines. When it is thick and 
fleshy, with the flowers more or less imbedded in it, the 
term spadix is applied, of which the Araceoe furnish examples 
(fig. ; the same term is con- 

veniently retained wlien this fleshy axis is 
branched, as in the Palms (iig. l.‘U). The 
so-called spikes of many Grasses, such as 
Wlieat, Parley, Rye-grass (fig. 135), Cat’s- 
tail-grass, &c., are also C()m})ound spikes, 
since in place of single flowers the rachis 
bears spihelets or short axes with several 
sessile flowers. The term catkin (amentum) 
is applied to the pendent, often caducous, 
spike-like inflorescence of the Willow, 

Poplar, Pirch (fig. 1 3()), and the male in- 
florescence of the Oak, Filbert, Chestnut, 

&c . ; in these the bracts have sometimes 
ofw, Bometimea several flowers in their 
axils. The flowers in catkins are usually 
unisexual, 

Eaceme. — The raceuip differs from the spike in having the 
flowers distinctly stalked, the main rachis being unbranched, as 
in the Hyacinth, &c. 

Corymb. — The corymb is formed when the flowers originate as in the 
raceme, hut the lower ones are raised on longer stalks than the upper 
ones, so as to bring them all nearly on a level, as in Omithogalum 
.(fig. 137), &c. 

As already noticed, a corymbose inflorescence sometimes m:ows out 
into a raceme while the fruits are ripening, as is seen in many Cruciferae. 
The relation between the two forms, or, more properly, between the 
panicled and the corymbose state of the same inflorescence, is well seen 
in comparing a Cauliflower as fit for the table with the expanded in- 
florescence of the same plant when allowed to run to seed. 

Panicle. — A panicle is formed when the main rachis is more or 
less branched ; it is hence a series of racemes on a branched rachis. 
The term panicled is often used in a general sense, to signify a 
much-branched inflorescence, whether definite or indefinite. 


Fig. 130. 



Male and female catkins 




Uinbellat<* inflorfsoeiKje of 
HutomuB uinhelUUus, 


Compoand umbel of the Carrot. 


Umbel. — The umbel is formed by a number of single flowers 
borne on long stalks of nearly equal length arising from one point, 
as in the common Cherry, the Cowslip, &c. In the family of Uin- 
belliferse, so called from the prevalence of this inflorescence, the 
umbels are mostly compomid (fig. 140) ; that is, the first set of 
peduncles do not bear flowers, but secondary sets of radiating 
branches, forming umhellules, or secondary umbels. Inflorescences 
of this general character are termed umbellate even when definite. 
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Umbels usually have an involucre at the base of the radii, as noted 
above. The simple umbels of the Onion group are originally enclosed in 
a membranous spathe. 

Capitulum or Head. — The capitulum is mostly formed by the 
rachis expanding into a thickened mass, surrounded by an involucTe 
of overlapping bracts, presenting a convex, flat, or concave surface 
(common receptacle)^ upon which are crowded a great niiiubor of 
sessile flowers, as in the families of Composifcic and Dipsaceae 
(figs. 141-146). Ill the Composite there are often little mein- 



Fig. 145. Seetion of a ca|r.itulum of a Composite plant with pale® at the base of the central 
tubular ana of the marginal ligulate florets. 

Fig. 14«. Seeiionof an empty capitulum of a Composite plant with a paleaceous receptacle. 

branous bracts (palew) at the outside of each flower (figs. 145, 146) ; 
in the Dipsacea) each flower is surrounded by a cup-like involucel 
(tig. 142). 

The flowers crowded together in the capitula of* Compositse are small 
and of various forms, so arranged as to give the whole the outward aspect 
of a single flower ; hence this inflorescence was formerly called a compmnd 
Jlowery and its involucre n common calyx. 
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The flowers in the capitnla of the Composite© are called 
and different names are applied to this inflorescence, according to 
the mode of arrangement of the florets. In the Daisy, we observe 
a yellow middle disk and a white or pinkish ray ; the dish is com- 
posed of florets different in character from the spreading florets 
of the ray (fig. 145). 8ome capitnla are wholly discoid^ such as 
those of Groundsel (Senecio vulgaris), of Thistle, &c. ; others are 
wholly radiant, such as those of the Dandelion, Lettuce, &c. 

It should be observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the yellow disk or eye,” as we 
observe in the Dahlia., garden Daisy, &c. 

Capitnla of less marked character are found in other families, 
where, however, the iin olucre is wanting ; for example, the fl owners 
of Clover (Trifolkmi) have a capitular arrangement, as also those 
of many Proteaceoiis plants (Banhsia). In the Dig the peduncle 
or coiiuuou receptacle is fleshy and excavated (fig. 147), the 
flowers being inside and developed cejitrifugally ; in Dorstenia 
(fig. 148) the receptacle is flat or slightly concave on the top, 
w’liile in Artocarpus and other eases the flowers are on the outside 
of a convex peduncle. These forms of inflorescence are only slight 
modifications of the capitalum, 8u(*li inflorescences must ]}ot be 
confounded will) the cojica\e top of tlie flower-stalk enclosing the 
carptds of a sijigle flower, as in the Dose. 



Fig. 147. Inflorescence of the Pig; the flowers inside the exeavated fleshy receptacle. 
Fig. 14k Inflorescence of Dorstenia; the flowers imbedded in the fleshy receptacle. 

Fig. 149. Compound umbellate spike inflorescence of Digilaria. 

Forms of Definite Inflorescence. — The forms of definite inflores- 
cence are also termed eymose, the term cyme (fig. 150) being 
very general in its application ; for it is used in reference to a 
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number of forms more or leswS resembling outwardly the raceme, 
corymb, and others of the indefinite type, but all agreeing in 


Fig. 150. Fig. 151. 



Diohasium or diohasial cyme of Cerastium, Seorin’oid cyme oi pufwtf rig 


producing a primary terminal flower on each shoot, and con- 
tinuing the subse(inent evolution by secondary axillary develop- 
ment, the develoj)inent of the lateral shoots being thus more v igor- 
ous than that of the primary shoot. 

The loose cymoso inflorescence of many Caryophyllaceoe illustrates the 
definite mode of growth very clearly ; the primary axis terminates in a 
flower (tigs. 150, 152), then branches arise in the axils of a pair of bracts 
lower down ; th(?se branches repeat the process, and their branches again, 
until the flowering shoot is exhausted. 

Cymoso inflorescences admit of division into two principal 
groups, according as they are moitojimdial or sympodial (see antc^ 

p. 39). 

Monopodial Cymes. — Each branch of the inflorescence is here 
terminated by a ])rimary flower (fig. 152, i), below which are deve- 
loped two or more secondary flower-stalks, one on each side, and 
each in its turn surmounted by a flower (fig. 152, ii, iii, it). The 
simplest form of this is the dicJutsium (figs. 150, 152), the cyme hipare 
of the French. There is no true dichotomy in such instances, the 
appearance of such being due to the superior development of the 
side branches as compared with that of the terminal one. 

Sympodial Cymes. — These may be called unilateral, as in them 
the secondary branches of the same degree are developed on one side 
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only: thus the primary flower-stalk or axis ends in a flower; 
beneath this arise not two branches, one on either side, as in a 
dichasiura, but one only, this one being terminated by a flower like 
the primary branch and giving off a tertiary branch as before 
(fig. 153). The flower-stalks here appear to be opposite to the 


Fig. 162. 



Fig. 164. 

IT ni F 1 m 1 iti IT Fur iv 



Pigs. 152-1?)4. Diagrams illustmting thf conirifugal developmont of oymoso infloreaeences. 

Fig. 152 a glohoso dichasial cyme; fig. 15:3 a sympodial scorpioid cyme, the dotted linos 
indicate the simpr^ssed branches ; fig, 154 a corymbose cyme. One of the lateral 
branches at III is abortive. 

bracts ; but the bract in this case belongs not to the flower-stalk 
imnu'diately opposite to it, which is a primary formation, but to the 
secondary flower-stalk which springs from its axil. 

The subsidiary flower-stalks are sometimes developed all on the same 
side when the inflorescence becomes curled from the greater growth on 
one side than on the other. Such cymes are called soorpioid cymes (fig. 
161). At other times the subsidiary pedicels or flower-stalks are de- 
veloped alternately, first on one side and then on the other, when the in- 
florescence has a zigzag shape. When the main rachis is a sympode (p. 30), 
and the flowers, instead of being all on one or on two opposite sides, are dis- 
posed spirally, the term helicoid cyme is given. In these forms of cyme one 
of a pair of peduncles is generally systematically suppressed, and this 
happens successively on one side of the main rachis of the inflorescence, or, 
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as has been said, alternately, now on this side, now on that. This nnun 
rachis is therefore not formed by one continuously growing shoot, but by 
a succession of shoots of dilierent generations placed one over the other 
in definite order, thus forming a sympode (see ante^ p. *39). In this manner 
we may have spicate or racemose sympodial cymes closely resembling, on 
a superficial inspection, spikes or racemes. If the bracts are present the 
true nature of the inflorescence is apparent, bcicause in that case the pe- 
duncles are on the opposite side o f the axis to the bracts, as mllelianthemum. 
It often happens, however, in these cases that the bracts are wholly 
wanting, as m Boragiiiacefe, in which the scorpioid cyme has been attri- 
buted to re])eat(id forking of the growing point ; but the sympodial theory 
is the more probable. 

Forms of Cymes. — The form of the cyme is sometimes further 
indicated by such terms as a ylohose cyme, a linear cyme, and 
so on. When the flowers are nc^arly sessile, forming a dense flat- 
topped bunch, such as we see in tlie Sweet-William and oth(^r 
species of JHanthis, the term fascicidas is sometinuvs used. Wluu’e 
a cymose tiil't of only a few flowers, crowded togetlier in this way, 
occurs in the axil of an ordinary leaf, the intloresceiice is sometimes 
called a ylomernlus, as in many of the Labiata'.. 

Compound Inflorescence. — Some plants, especially herbaceous 
pereJiJiials, have compound inflorescence, wherein the flow^eriiig region 
of the stem appears to be compos(‘d of a number of distinct inflores- 
cences arranged on a regular plan. The plan of the ramification of 
the main axis may be the same as that of the individual inflorescence, 
as in the Umbollifene, where both the jirimary and the secondary 
umbels unfold ceulripetally ; sometimes the separate inflorescences 
are arranged in a dilferent form belonging to the same class, as in 
the case of the umbellate collection of spikes in certain Grasses 
{Diyitaria, fig. 149), &c. 

Mixed Inflorescence. — In other cases there is a mixed condition, 
since in many Compos itie the individual capitula are centri petal ly 
developed, w hile they succeed <»ne another on the main stem in a 
centrifugal or cymose order ; in the Labiatic the cymose axillary 
glomeruh^s (which, occurring opposite to each other, form verticil^ 
lusters or false wliorls) are developed from below upw ards, the main 
stem being indefinite, and they are often crowded together above 
so as to form a kind of compound spike. 

The general facts of the morphology of the different forms of inflo- 
rescence are tliiis seen to he conformable to the laws ruling the develop- 
ment and ramification of the stem, as already explained. 

The different modes of inflorescences often pass one into the other, and 
such inflorescence as scorpioid cyTues may originate either in the manner 
above described, or, very rarely, by direct forking of the growing point 
[Warming]. The difference between a dichotomy of the growing point 
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and lateral ramification is not fundamental ; and, again, where true dicho- 
tomy exists it is rare for the two divisions to be developed in the same 
manner. In some scorpioid cymes one division becomes a flower-bud, 
the other repeats the i*amitication of the axis. 

Modifications of the Infiorescence. — In certain cases we have 
the normal condition of the inflorescence gi’eatly disguised, as in 
foliciceovs p('(hincles, and in cases of what is called faaciation^ as 
also where the flower-stalks are apparently removed from their 
usual place by adhesion of various kinds and degrees. 

In many kinds of as 

already noticed (p. iiS), the vstem 
assumes more or less the out ward 
aspect of a leaf ; and w'hen a 
flower springs from such a stem, 
it looks like an abnormal growth ; 
but it is really produced from 
the terminal or axillary bud of 
an a) or ive branch. In the 
Butcher s-broom (lih/srws, tig. 
loo) the single branches or pe- 
duncles are flat h'af-like plates, 
and bear the flowers in the axils 
of little scales or reduced leaves 
which aris(^ on th(‘ u])per snrl’acci, 
se(‘mingly from the midrib of a 
leaf ; but these foUaceons pedan- 
grow from the axils of scale- 
like leaves (tig. loo In X iflophiflld (fig. ]r>()) we find vicomponvd 
foUaceous pediuicle^ consisting of a large leaf-like branch bearing 
numerous flowers on its margijis, arising there in the axils of brads. 

Fmeiation is usually an abnormal conditiou, consisting of the develop- 
ment of a large number of buds iu close approximation, and the conse- 
quent congenital fusion of a number of peduncles (or in some cases leafy 
siioots) into a solid mass, bearing the flowtsrs on the borders. It produces 
the crest-like condition of the flower-stalk of the garden Cockscomb; and 
converts a paniculate inflorescence into a ribbon-like axis. 

Adhesion^ or want of 8(^pa ration of the peduncle from the leaf or bract, 
produc*es an appearance as if the flower sprang from the latter, as in the 
case of the Lime-tree. A similar union or, rather, lack of separation 
between the flower-stalk and the branch, the former being in such cases 
often raised above its normal level by the growth of the latter, produces 
extraaxillnry inflorescence, as in some species of Holanum, VVnere the 
inflorescence is placed opposite to a leaf, as in the case of the Vine, 
<fcc., the inflorescence is in reality terminal (as may readily be seen 
in the young state) ; but as growth goes on it bends downwards into 
nearly a horizontal position, while the axillary bud next beneath it deve- 


Fig. 156. 


Fig. 155. 




Fig. I.')?!. Foliftcoous p(“d«nclefi oJ 

arruleufuft. 

Fig. lf)0. Folia(!(*(>UH flowering branch of 
Xylof)1iyLla. 
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lops into a shoot which assumes a vertical direction, thus occupying^ the 
position of the inflorescence. Such branches are called by French botanists 
usurping branches. In a few cases absolute partition of the growing point 
has been observed — one division forming a tendril or an inflorescence, the 
other forming a new vegetative axis, as in Vitis vulpina observed by 
Warming. 

Duration. — The inflorescence, like the leaf, varies in its duration. 
The staminal catkins of the Amentaceac, such as the Oak, Hazel, 
Poplar, &c., fall off as soon as the pollen is discharged from the 
stamens, and they are called caducous. In many cases the inflo- 
rescence, or the individual peduncles, separate by a disarticulation 
when the fruit is ripe, as in tlie Apple, Cherry, &c. ; the term de- 
ciduous is then a])pliod. lu the Hose wo observe the dried-up fruit 
long remaining, like the cones of Firs, &c., after the seeds have 
become matured ; these are persvitent, Hometimes the peduncles 
undergo expansion during ihe ripening of the steeds, so as to form 
part of the fruit ; such an inflorescence or peduncle is called ex- 
crescent. The Fig, the rine-ap])le, and other fruits are formed of 
excrescent wflorescences ; the Cashew-nut (Anacardium) has an 
excrescent peduncle. 

Characters afforded by the Inflorescence. — For descriptive pur- 
poses the inflorescence must bo treat(‘d as the ramifications of 
the stem, noting also the number of the flowers, their mode of 
expansion, and other peculiarities as explained in the foregoing 
sections. 


Sect. 7. The Flower. 

The Flower, the characteristic reproductive apparatus of the 
higher plants, consists of no new^ elements suporadded to the fun- 
damental organs of the vegetative regions, but is merely an assem- 
blage of these organs modified in certain essential particulars so as 
to lit them for exercising new functions. A flower is a modified 
shoot, in w^hich the iuternodes of the stem are seldom dc^veloped ; 
wdiile the leaves, arranged according to the general phyllotactic 
laws, are more or less different in form and texture, and haA e part of 
their tissues developed into more highly specialized products, dis- 
tinguished both in anatomical and physiological characters from 
those associated with vegetative leaves. 

The theory of the construction of the flower rests upon proofs derived 
from various sources, such as teratology^ or the study of exceptional 
growths. The strongest confirmation of the view's arising out of the ob- 
servation of such cases is obtained by comparative morphology^ by tbe wi- 
tmial structure^ and by the investAgaUon of progressive dtxelopment, or or- 
ganogeny,^ which latter supplies a clue to the original ancestral form. 
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We may, in the first place, remark upon what is taught by the study 
of development. Flowers are common in which the organs stand in 
regular circles, and in which the organs of each circle agree in colour, 
size, and so on ; but in many cases we find deviation from this regularity : 
the arrangement of the organs becomes changed, and the parts of parti- 
cular circles become more or less diflerent among themselves — as, for ex- 
ample, in the flowers of the Pea-tribe, of Labiatae, &c. But when wo 
examine the buds of these flowers in a very young state, we often, but 
not always, find the rudimentfiry organs regularly arranged, and, Avhile in 
the stale of cellular papillae, agreeing exactly in all external characters. 
The subsequent irregulaiity is a result of special growth, for a special 
purpose, at a later epoch. In didynamous stamens, for example, the 
longer pair do not exceed the others until a late period of their develop- 
ment. 

Transitional Forms. — The original uniformity and homogeneity of 
the organs of fiow^ers are not always so completely lost in the maturation 
of the structures, that the different secondary types of organs, sepals, 
petals, ifec. become entirely distinct. The study of comparative morpho- 
logy reveals many cases of transition from one kind of organ to another, 
illustrating, in a veiy interesting maimer, the doctrines of morphology. 

In Calt/canthiis^flori(his and the Camellia the numerous pieces of the 
floral envelopes present a spiral arrangement, and it is impossible to find 
a distinct lino of demarcation between the bracts, tln^ calyx, and the 
corolla. In s})(‘cies of Canma and Euphorhia^ the coloured bracts of the 
involucre assume quite the aspect of a colouri^d calyx or corolla. In the 
White Water-lily {Nymplma)^ a transition bi^tweeii sepals and petals is 
seen in the segments of the calyx, which are green outside and potaloid 
internally, while Ave have perfectly petaloid sejials in many flowers, as in 
Aconites* Larksjmrs, tS:c., and particularly in the sliOAvy bulbous Mono- 
cotyledons commonly cultivated, e, y. the Lily Tulip, Crocus, 

&c. 

In the Water-lily {Nymph(p.a) we observe a gradual transition betwoeu 
petals and stamens, tlie latter appearing first as pet aloitl plates, Avith anther- 
structure on the edges. In Canrm it is the ordinary rule for the stamen 
to be a Idnd of petal bearing an anther-lobe on one upper edge. A more 
or less expanded petaloid state of the filament is not unusual, and in the 
IVIistletoe the stamens are fiat, leafy organs, with the pollen developed in 
the jiarenchyma of the inu(ir face. 

The stamens and pistils being so diametrically opposed in their physio- 
logical characters, we naturally do not expect to find any transition 
between these organs in normal flowers, though in monstrous develop- 
ments such transitions are frequent. 

Teratology. — The study of Teratology,the interpretation of exceptional 
growths by reference to laws of deA^elopment more or less interfered Avith 
by external agency, is very instructive in regard to Morphology. In the 
exceptional products of nature or, still more, of art, we find illustrations of 
almost every possible kind of the general proposition above mentioned. 

Phyllody. — Cases are not unfrequently obvserved Avhere the entire 
flower is replaced by a fascicle of green leaves, especially in the Alpine 
Strawbeiry. In wet seasons it is not uncommon to find flowers of the 
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White Clover with more or fewer of the organs modified in this wy, the 
pistil, one or more of the stamens, &c. appearing in the form of green 
leaves, occasionally compound and ternate, as on the stem below. 

Double Cherry of gardens, the place of the pistil is often occupied by a 
pair of green leaves ; in the Fraxinella a circle of green leaves lias been 
observed in the place of the ovaT 3 ^ 

Substitution and MetamorphoiSteS.— Almost all nolypetalous flowers, 
and many gamopetalous, are capable of being doubled by cultivation, 
that is to say, the number of petals may be increased at the expense of the 
stamens, or of these and the pistils. For example, the Wild Rose has 
but five petals, and many stamens and pistils, but in our garden Roses 
the numerous stamens and pistila are often altogether replaced by petals. 
In many cases intermediately formed structures exist in such double 
jioxoim : in the double early Tulip, for example, we almost always find 
monstrous organs, half-petal and half-stamen, and even half-stamen and 
half-carpel ; the same may bo observed in double Pinks and Carnations. 
The ovules have been seen bearing pollen, while it is frequent to find the 
stamens bearing ovules. Illustrations obtained in this way might be 
multiplied ad injinilifm. It should be observed, however, that in double 
flowers we frequently find not only all the eS'^ential organs replaced by 
petals, but an actual mvltiplieaticm of the natural number of organs, as in 
Roses, Camellias, double Daffodils, &c. 

ProliiicatiOE. — In tlie last place, wo may advert to the phenomena of 
the abnormal evolution of buds within the limits of flowers. Cultivated 
Roses sometimes send out a leafy shoot from the centre (prolification), 
the terminal bud not becoming arrested as is natural; on Apples and 
Pears we occasionally see one or two leaves growing out from the 
summit, from the same cause. In addition to this, the organs of tlie 
flower may assert their foliar nature by producing fiower-buds in their 
axils^ like stem-leaves. TJiis lias been observed in the case of the petals 
of Celastrm scandensj and also of ClarUia elcyanSj and occurs sometimes 
in garden Roses*. 

These general observations will servo to show the essential homolopy of 
all the lateral organs of Hoovering plants with ordinary leaves, and more 
espociallv with the vaginal or leaf-scale portion of the loaves. The laws 
under which varieties ol’fi^nu are produced wnthin the limits of the 
flower all aiibstaiitiato the same general principles. 

Parts of the Flower. — TIio parts of flowers are : — the perianth^ 
consisting of ( J ) the fttpah, forming the calj/a\ (2) forming 

the corolla^ ami euclosinf; (2) the aUnneas, foriiiing fJie mnlrveeium^ 
and (4) the carpels, forming the pistil OTffifiurciiim. That portion of the 
peduncle from which all these organs spring is called the receptacle or 
thalamus: it seldom lias the internodes much developed, but is more 
or less expanded liorizonf ally. It is sometimes convex or conical and 
elongated, and sometimes concave. When it forms a flattened 

* A general review of tlieso abnormal or unusual formations, and of tlie 
inferences thaf. may be deriv ed from tlieiu, is given in Dr. Masters’ ‘ Vegetable 
Teratology,’ published by tlie Eay Society. 
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surface above, its centre corresponds, of course, to the apex ; and 
we may thus say that the above-named organs succeed each other 
from without inwards, or from below upwards. 

The accompanying diagram of the floral 
whorls (fig. 15/) illustrates the theoretical con- 
struction of a perfect and symmetrical flower. 

Here the internodes are imagined to be deve- 
loped between the separate circles of the flower 
— ^an arrangement which does occasionally occur 
in nature, as in Capparids, Passion-flowers, &c. 

Anterior and Posterior portions of the 
Flower. — All axillary flowers arise in the 
angle between a bract or leaf and the stem ; 
from this is taken the rule as to the relative 
position of organs in describing flowers. 

The side of the flower next the stem is 
the wj/per or 2 )osterior part, that next the 
bract the anterior or lower ; and in the dia- 
grams or ground-plans used to represent 
the construction of flowers, it is impor- 
tant to mark the places of the axis and the 
bract, the former being repn^sented behind ^ circles of 

by a the latter in iront by an X or ’ — r— i)arated by intemodes. 
as in lig. IflO. 

Where flowers are solitary and terminal there is no proper back and front ; 
but ill plans of these, the position of the last leaf or bract, and specially of 
the bracteoles, should be shown. If, with a flower of four sepals, there is 
a pair of bracteoles, the two lowermost sepals are antero-po8terior(fig. 107, 
p. 90) j but if there are two pairs of brae.tlets, the two uppermost sepals 
are antcro-posterior. When bracts are suppressed, as in the CniciftTcp, 
the position of the floral organs may be determined by their relation to 
the parent stem. 

Arrangement of Parts. — The parts of flowers being phyllomes, 
their arrangement corresponds to that of stem-leaves. Sometimes 
they are truly whorhid, while at other times, especially in the 
calyx and corolla, th(?y are arranged in spiral cycles, and are 
developed successively on the or f jilaii, but reduced into apparent 
whorls by the absence of intemodes. 8uch flowers are called 
acyclic) and where some of the partvS of the flower are arranged 
spirally and others in a verticillate manner, the term hemicycUc is 
given. 

In such a calyx as that of the Rose, the sepals are imbricated on 
the J plan (tigs. 158-160). In the ternary floral envelopes of many 
Monocotyledons we find illustrations of the J type. Sometimes the spiral 


Fig. 167. 
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arrangement is still more evident, especially where there exist great num- 
bers of a particular kind of organ, as in the mixed petals and stamens of 
Nymphcm^ and the multiple pistils oi Manunculu8f Magnolia^ &c. In Caly- 
canthus all the organs follow on in a continuous spiral. 

In other cases the floral organs are developed simultaneously , vdcLQn a 
true whoi»l is produced. 

Fig. 158. 


Fig. 159. 




Fig. 158. Calyx of the Rose ; the nuniherB indicate the sequence of the sepals from without 
inwards, or from below u)»wurds. 

Fig. 159. Section of the calyx of tlie Rose; the numbers as in the preceding figure. 

Number of Parts. — According to th(? number of parts in a cycle 
or apparent whorl, these are distinguished as dimerous or Unary ^ 


Fig. IGO. 



Fig. 160. Diagram of the f spiral arrangement of the parts of the flower with bra«t and 
lateral hracteolcs; O tlie situation of the axis. 

Fig. 161. Diagram or ground-plan of the 3-meroua llow'er of the Tulip, 
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trimerous or ternary (fig. 161), tetramerous or quaternary, and pen^ 
tamerous or quinary (fig. 162). The ternary arrangement is by far 
the most common in the Monocotyledons, the tpinary in the llico- 
tyledons. 

Most frequently the calyx and corolla have Fig. 162. 

an equal nuniher of parts; the relative num- 
ber of organs is prone to increase in the staini- 
nal circlbs, and still more frequently to dimin- 
ish in the carpellar}^ whorl. 

Alternation or Superposition. — In the 

majority of cases we find the organs of 
each successive whorl de^' el oped alternaiely 
with, and not super- oranteposed to, those 
of the preceding circle. 

From this the whorls would appear to re- 
gcinbl.i the decussating whurls of true leaves, 
ratlier than regularly succeed iiig spiral cycles. 

We luive seim that t}jes<5 decussating whorls are closely related to the 
spiral cycles (p. 48). Moreover w’e find in the very numerous cases of 
flowers with the org^ans imbricated in the hud, tliattho spiral arrangement 
is very evid(?nt, and the whorl(!d appearance prf^sents itself only after the 
expansion of the flower. Now, if the J or | cycles succeeded regularly, 
the organs of successive cycles should be superpos(3d and n<.)t alternate, as 
indeed they sometimes are, e. g. Sntna. A. do Jussieu has sup])osed that 
the organs are arraiipcd on the spiral type; in all trimerous and p(;nta- 
merous flowers with imbricated a-stivation. Jnsjiection of the diagrams 
in a former page (4h) will show wdlh how little displacement the orgajis 
of sucli flowers may he arranged on this typ(j; and there is much proba- 
bility tljat the alternation of spirally aiTange.d cycles i-osults from sorno 
such caus(', while tlie alte.rnation of organs in flowers witli valvate esti- 
vation is referable to the same hiAvs as the decussatifjn of whorls of loaves. 
The exceptional case of opposition of organs will he explained pre>scntly. 

Typical Flower. — The typical flower in the diagrams (figs. 157, 
162) consists of four circles of organs equal in size and number of 
parts, and with the parts regularly alternating. A flower thus pre- 
sejiting all the whorls is called amipkte or eucydic ; the organs 
in each circle being similar, it is reyular ; and the number of organs 
in each circle being the same, it is moreover isomerous, 

Modifications. — Almost every kind of doAuation and combination 
of deviations from this type are met with ; but the modifications 
in the number, arrangement, and form of whorls or parts are refer- 
able to distinct causes, such as: — 1. Alteration of the number of 
circles, or of the number of organs in the circles ; this may arise 
either from 'multiplication, choriais, enaiion, or interposition, or from 
suppression or abortion of parts. 2. Union of the organs ; this 
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may te merely coalescence of the margins of organs of the same 
whorls (coAmoji), or confluence of normally distinct whorls (ad- 
hmcny These so-ealled unions are generally the consequence 
of arrest of development, owing to which, parts* usually separate 
in the adult condition remain inseparate, 3. Unequal growth or 
degree of adhesion in the organs of particular whorls, producing 
irregularity, 4. Irregular growth either of the receptacle, or pro- 
duction of outgrowths from various organs by enatim, 5. Sub- 
stitution of one organ by another (lyietamorphosis), 6. Superposi- 
tion, where parts usually alternate are placed opposite, or, more 

correctly, are superposed the one to the other. 

• 

Ur. A. Gray has furnished an interesting illustration of these laws of 
modification, from a family (CrassulacesD) in which different kinds of 
deviation occur together with examplevS of very symmetrical flowers. In 
Crassula (fig. 102 ) is found a 83^mmetrical pentaineroiis flower, with five 
sepals, five petals, five stamens, and five pistils, all regularly alternating, 
and only slightly confluent at theba.se. In ItlUea scune species have four, 
some only three organs in each whorl, but the flowers are still i*egular and 
symmetrical. In Sechmi (Htoiiecrops, ^'C.) the llowei’s of some spt^cies 
are pentarnerous, those of otliers tetrameroiis ; but here the nmnber of sta- 
mens is doubled by the introdiicXion of an entirely now circle, of tliose organs 
(mnUiplicution). llochea has the margins of Its petals slightly coherent, 
wliile in Grammanihes the petals and sepals are respectively coherent 
more than halfway up, Cotytedem has coherent envelopes, and a double 
scjries {nmUi plication) of stamen.s as in Sedani, to which is added an ad- 
hermce of the stamens to the tube of the corolla. In Penthormn the live 
styles are cohereM linnly together beloAv, while in some ca^es its petals 
are snppresml. In Senipervicnm (iIou.seleek) the number of sejials, petals, 
and pistils varies in diflbreiit species from six to twenty, and tiie stamens 
from twelve to forty. 

Pleiotaxy, or multiplication of the number of whorls, is very 
common, especially as regards the stannuis. In the triinorous 
flowers of Liliaeem and Aniaryllidaeejn llu?re are six stamens stand- 
ing in two circles of three. In the Poppy faniilv the tetraiiierous 
circles are still more multipliiHl ; and iti the Kose, Buttercup, &c. 
we have further examples. When the iininbor exceeds three orVour 
circles of one kind of organ, tlu? organs am said to be iadr/imte in 
number, and the vertieillate arrangement becomes very indistinct 
in the opened flower. In the AV^hite Water-lily (Nymphoea) we 
have multiplication both of petaline and staminal circles ; and in 
Magnolia, lianunculus, &c. the pistils are much multiplied, exhibit- 
ing in these a distinctly spiral arrangement. 

Multiplication of circles occurs ahuormally in the dovhle flo^cers of 
gardens, in whidi wo often find far more organa than exist in the normal 
state, as in Daffodils and other flowers where the organs are naturally few 
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in number. The multiplication in tbis case is often due to transverse chorim, 
the parts being superposed to each other. Each part so affected divides 
in a direction parallel to its surfaces into two or more parts. If the 
supernumerary part is an outgrowth from an already formed organ it is 
said to be formed by enation, 

Pleiomery, or multiplication of the organs in particular whorls, 
occurs in a number of flowers, and depends on different causes. 
Sometimes the multiplication is effected by collateral chorisis, or divi- 
sion at right angles to the surfaces, a pair of stamens, for example, 
standing in place of one ; in other cases the organ is divided parallel 
with the surfaces into an inner and outer part or into a fasciculus of 
organs. The cases of collateral chorisis are explained by the circum- 
stance that the staminal leaf, in these cases, as in an ordinary lobed 
or compound stem-leaf, becomes subdivided and forms a lohecl or 
compound stamen. In some flowers (as in many Ericacea)) there are 
ten stamens in one whorl, while the sepals, petals, and carpels are 
pentameroiis ; in these cases the five additional stamens are formed 
subsequently to the others. This mode of multiplication of parts 
is called interposition. 

Suppression, Abortion. — In describing the phenomena of dimi- 
nution of the number of circles or organs of flowers, it is convenient 
to distinguish between sapptression or total absence, and abortion or 
partial absence, when the organs are represented by imperfect or 
rudimentary structu res. 

A complete flower possesses a calyx and a corolla ; the corolla, 
and even the calyx also, are wanting in some flowers, which are 
termed incomplete ; w^hen the corolla alone is wanting, the flower 
is apeialoits; the term 7iahed is occasionally applied to flowers 
without any floral envelopes. 

The term dichlami/deouSj having calyx and corolla, monochlami/detms, 
having calyx alone, and acldami/deouffy destitute of floral envelopes, are 
used by some sjvsteiiiatic botanists in ])lace of the above. These conditions 
are not very secure bases for systematic divisions, since it is not uncoininon 
to find apetalous plants in Orders having ordinarily complete flowers, as 
in the Oaryophyllacece (Saf/inay &c.): the apetalous condition, however, 
is constant in a huge number of Orders, and familial* examples occur 
in the Nettle family, the Chenopodiacem, the Amaranths, &c. Achlamy- 
deous flowers occur in the AVillows, Callitric/iey &c. Some flowers, then, 
are incomplete by abortion, in which case they are degenerate conditions of 
a more perfect type, or they are incomplete by suppression, when they 
are typically of a relative low degree of organization. 

When essential organs (stamens and pistils) of both kinds are 
present, the flower is called herntfiphrodite or bisexual (this condi- 
tion is indicated by the sign ^). It must be remembered, how- 
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ever, that the term hermaphrodite is used in its morphological, not 
in its physiological significance, for many flowers hermaphrodite 
in structure are practically unisexual in function. In many plants 
one of the circles of essential organs is suppressed, so that a given 
flower has only stamens or only pistils ; such flowers are termed 
unisexual or diclinous. The unisexual flowers are called respec- 
tively staminiferous or male ( c? ), and pistilUferous or female ( $ ). 
When flowers of both kinds occur on the same plant, this is called 
monoecious (Oak, Birch, Vegetable Marrow, &c.); when they are 
on distinct individuals, the plant is termed dioecious (Hop, AVillow, 
Bryony, &c.); when, as in some cases, the imperfection results 
from a kind of regular abortion rather than total suppression, and 
the same plant or species exhibits at once staminate, pistillate, and 
hermaphrodite flowers, it is termed pohpiamous {Farietaria, man}^ 
Palms, Maples, <fec.). Some plants bear neuter flowers, desti- 
tute of both stamens and pistils : such is the case naturally with 
the outer florets of many Composites, and it is constantly seen in 
the garden Hnowball ( Vihurnum Opulus) and Hydramjea. 

The dicUnom or unisexual condition is often typical and he^reditary in 
certain families, sncli as Am(*ntiferte, &c. ; but cases of diclinisin occur 
not unfrequently in exc(;ptional gonf^ra of farnilicjs the majority of whose 
genera arc bisexual, as in Hnscus among the Liliaceae j or in exceptional 
species (by abortion), as in Lychnis dioiea ; sometimes it occurs by abor- 
tion in species normally possessed of perfect flowers, as in Asparaym, 

Arrangement of Parts. — The suppression of an entire circle 
renders a flower unsymmetrical ; for when the corolla is absent, 
we find the stamens commonly superposed, to the segments of 
the preceding circle, as in Chenopodium-, but this is in accord- 
ance with the normal type, as the stamens should be superposed 
to the sepals, the intermediate petals (here suppressed) alter- 
nating with both. IV ot unfrequently we find abortive organs, 
such as sterile filaments or “ glands,’’ of various kinds forming 
circles which restore the symmetry of apparently unsymmetrical 
flowers. 

The cases of unsymmetrical conditions arising from the superposition of 
the organs of succeeding whorls are explained by some entirely by suppress- 
sion or abortion ; others nioi’e con'ectly reh^r some of these cases to chorisis. 
In Geranimn we find alternating with the petals five little glands which 
must be regarded as abortive stamens, since in the succeeding whorl tlie 
five stamens alternate with these and stand in front of the petals ; the 
five innermost and longer stamens, again, are superposed to the glands. 
In Erodiu7n the outermost row is represented by glands, the second row 
by sterile filaments, and only live perfect stamens exist. Much the same 
conditions occur in the Linaceae. On the ground of such facts as these, 
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the superposition of the stamens to the petals in Ehamnacese, the Vine, 
&:c. has been explained by supposing a circle of stamens to have been 
suppressed between the pet^ils and the existing stamens. Several recent 
writers attribute the stamens of Rhamnacese to chorisis of the petals 
with suppression of the true stamens, extending the same explanation to 
Byttnenacese and the Vine, where the true stamens are represented by 
sterile rudiments or glands within the existing stamens. In the Primrose, 
according to Pfefier, the petals originate from the backs of the stamens, 
though in other cases it would seem that the stamen arises from the petal. 
In Primulaceae the opposition of the stamens to the petals may, however, 
be a result of suppression ; for in Samolus we find five lobes on the throat 
of the corolla alternating with the petals, while Lymnaehia ciliata has 
five sterile filaments in addition to five perfect stamens. 

Isomery, Anisomery. — Suppression or abortion of part of the 
organs of one or more circles is, as has been said, a very common 
cause of want of symmetry. This occurs by far most frequently 
in the carpellary circles, as might he expected from the organs 
being crowded on the point of the receptacle (niultipli(!ation of 
carpels occurring, on the other hand, where the receptacle is un- 
usually developed) ; the stamens exhibit it not nnfrequently ; and 
it is observed also in the petaline whorl, and even in the calyx. 

Symmetrical flowers may ho either dimerous, trimerons, tetramerous, 
or pentamorous throughout; and when the organs are equal in all the 
circles the flowers are iso7nerom^ if not so they are anisomcrom: thus 
we have isomerous dimerous flowers in Cirewa (fig. 103) and St/rinr/a 
(fig. 104), isomerous pentamerous flowers in Crassula (fig. 102), before 


Fig. 103. Fig. 164. Fig, 105, 



Fig. Ground -plan of the 2-meronfl flower of Cirettia: x represents the bract. 

Fig. 164. Ground-j)lan of the Lilac, with 2-merous circles: x, the bract; a,a, brac^oles. 
Fig. 165. Ground-plan of a labiate flower, with didynamous stamens; the posterior one 
(dotted) suppressed. 

referred to ; but, generally speaking, one or other of the whorls exhibits 
partial suppression. 

^ It is rare to find the sepals partially suppressed : perhaps we may con- 
sider thivS to be the case as regards the limb of the sepals in such inatanct'S 
as the pappus of Bidem. The corolla exhibits partial suppression in some 
Leguminosae, where, although the plan of the flowers of the order is 
pentamerous, in Amorpha only one petal exists ; a transition towards 
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this occurs in other genera of the order, where, indeed, the four petals 
here suppressed are generally considerably smaller.^ In the Larkspurs 
{Delphinium) one pehil is constantly suppressed, while the others are of 
irregular form ; and in Aconite three out of the five petals are inconstant 
in their occurrence, being, even when present, mere petaloid scales. 

The stamens are mostly ieomerous, with either one, two, or more whorls, 
when the floral envelopes are regular, although there are well-known 
exceptions to this. The suppression or partial abortion of some of the 
stamens is most common where the flowers are irregular. This sup- 
pression is well seen in the irregular mouopetalous Orders, where we find 
curiously graduated illustrations of the phenomenon. Thus, in the Scro- 
phulariacem, belonging to the pentamerous type, there are usually but four 
stamens, but Verhmcmn has the fifth { not always fertile) ; Tentstemon has 
four perfect stamens and a sterile filament ; and in Scrophdaria the fifth is 
represented by a scale in the upperside of the corolla. In Veronica three 
ai*e supj)ressed, and only two remain. In the Labiatoe (fig. 100), again, 
one stamen is ordinarily suppressed ; not unfroqueiitly two of these appear 
as sterile filaments ; and in Saloicij Monarda, and other genera only two 
stamens exist. 

Either midtipUcation or sufiprcnsion is almost the rule in the carpellary 
circle, the isomerous couditiou being rather the exception. Six carpels, 
or a double circle, occur in the 3-merou.s fiowers of '/'rif/loehin (fig. 1()0) • 
and we have mejitioiK'd the occuiTonce of five carpels in l lie pentamerous 
flowers of Crtmida and Sediint ; in tlie iieaiij^ allied Sfixil'rngace/e the 
carpels are usually reduced to two. In Araliacw, y//Y//«V/ has five car- 
2 )cls, diil'erent sjiecies of Panax three and twc, while in the allied order 


Pig. 100. Fig. 167. 



Fiff. 166 . 3-niprou8 flowj^r of Triplochin murifimtim, with six oarpels; x represents the bront 
Fig. 167 . Groiind-plan of with i!-me.rous circles and a solitary carpel; a, a arc the 

braeteolos of the pedicel. 

Umbelliferoe the number 2 is universal in the carpellary circle, although 
all the other circles remain pentamerous. In Rosacem we have almost 
every conceivable condition ; for while multiplication takes place to a 
great extent in Pom, Fraijnria, and allied genera, the nonnal five carpels 
occur in Spircea and the Poniaceous suborder ; iu Aprinumiu the number 
is reduced to two ; Sam/uisorha has two or one ; while in the Drupaceous 
suborder, in Prumis &c., only one carpel regularly exi.sts, a condition 
which is the rule througliout the related extensive pentamerous order 
LeguminosaB. In Ranunculaceas the number of carpels varies much. In 
Berberideae the outer circles are 2-merou8 and the carpel is solitary 
(fig. 107). Suppression of a portion of the carpels is almost constantly 
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found in the monopetalous Orders, where we seldom have more than 
two. 

Suppression of organs becomes exceedint^ly striking when associated 
with suppression of entire whorls. Thus in Ccdlitriche the fiorft,! enve- 
lopes are wanting, and while the pistil indicates the tetramerous type, 
three stamens are suppressed, so that the perfect flowers consist of one 
stamen and one pistil, and the imperfect flowers often met with are com- 
posed respectively of a stamen and a pistil. The latter condition occurs 
also in the greatly reduced flowers of our native species of Euphorhia^ in 
which the involucre encloses one naked female flower, consisting simply 
of a pistil, and a number of naked male flowers reduced to the condition 
of a single stamen (see Euphorbiaccffi). 

A curious kind of regular suppression, not interfering with symmetry, 
is sometimes met with, where the typical pentamerous condition is re- 
placed by the tetramerous, either in flowers of the same plant or on different 
individiuils of the same species. Thus, in Ruta, in some species of Scdinn, 
and some Ahinfre^ the flowers have the organs sometimes in circles of 
fives and sometimes in circles of fours, without any other accompanying 
deviations from the character of the species. 

Congenital Union or Inseparation. — Union of the organs of the 
flower consists either in cohesion of the parts of a whorl with their 
fellows, or in adhesion of organs of one whorl to those of another. 
Both o(?cur in almost every possible dc^gree. It must bo borne in 
mind, however, that these terms are often applied to cases wherein 
there has really been no union of previously disunited organs, but 
a want of separation between! parts originally uniform, but which 
in other cases become in process of growth disjoined. 

Cohesion occurs in the calyx, producing what is called a f/amosepalous 
or synsepnhm calyx; also in the corolla rather less fn^quently, forming 
a (jamopeialom or sympetalous ce^rolla. With these terms are contrasted 
poh/sepalmis tinA polypctalous (or dialy-’sep-pelalous)^ used to indicate that 
the sepals and petals are distinct^ i.e. not coherent. 

In the Vine the petals cohere above, while they are distinct holow, 
and the flower opens by the separation of the corolla from the receptacle ; 
the sepals of Esehscholizia are entirely coherent, and fall ofl'like a cap. 

Union is less common among the stamens; but in some Orders they 
are coherent by their filaments into one piece {moniadelphnus), in others 
into two or more parcels (diadelphems). Such cases are usually due to a 
branching or lohing of the primary staminal leaves, and not to any real 
union of previously disconnected parts. Other plants have the anthers 
coherent {syngemesious), while the filaments are free ; and in some diclinous 
flowers the stamens are united into a kind of column. 

The carpels exhibit every degree of confluence, from a slight coherence 
at the base to a firm union by their sides, complete confluence of the 
ovary with the styles free, confluence of ovaries and styles in part or 
entirely with free stigmas, and complete confluence of ovaries, styles, and 
stigmas. In Ascl^iidaceas we have confluence of the styles, while the 
ovarian portions or the carpels are only slightly coherent. 

H 
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1%^ 4etaik pegaiding cokepence will be tpeated of aiore oonvemently 
in ihf^ chapters on the separate organs. 

. may exist between the inner an4 outer circles of the 
floral envelopes, between petals and stamens, and between stamens 
and pistils, also between calyx, corolla and stamens with pistil 
free ; or the calyx, corolla, and stamens may all adhere to the pistil. 
No case is known of adhesion of the three inner circles with a free 
calyx. 

What is commonly termed adhesion is, as before explained, more strictly 
want of separation between parts which ordinarily become detached one 
from the other during growth. 

Insertion. — The point of emergence of an organ is inappropri- 
ately called its insertion ; and when an organ is not adherent to 
any other circle, but emerges directly from the receptacle, it is said 
to he free. 

When the outer organs spring from the receptacle, they are called 
hypoyynmis (tig. I(i8), signifying below tlie pistil ; il‘ the stamens appear 
to adhere to the free tube of the calyx or corolla, they are said to be 


Fig. 169. 



Fif;. les. TTypoffynom flower of J^anuncit/t/g, in section. 
Fig. 16P. PerigynoTi Sower of Jr¥umiSy in section. 


^ . , (fig. 169) ; while if the tnlwi of the calyx or receptacle is 

carried up and adherent to the sides of the pistil, the stamens become 
apparently inseii£d on the top of the ovary, and are then called epigynom 
(fig. 170). 

Some other terms are used in reference to the insertion of the petals 
and stamens ; thus, thalamifioraly or emerging from the receptacle, is 
synonymous with hypogynous (fig. 1G8); valycifloral, indicating emer- 
gence from the throat of the calyx, may agree with either the perig^mous 
(fig. 160) or epigynous (tig. 170) conditions; while cm'ollifloral^ emer- 
gence from the tube of the corolla, is a form of the perigynous insertion. 

The terms inferior and superior are occasionally applied to the calyx, 
according as it is free (fig. 168) or adherent (fig. 170) to the pistil all the 
way up; occasionally it is half-superior {Saxifraga^ fig. 171). The same 
terms are also applied to the pistil in the reversed sense to indicate the 
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same conditions ; t, 6. wlien the calyx is inferior, the j&ree ovary is supe- 
rior, and vice versd. , . . « . 

The terms peiiqynousj &c., and cmye^oraly &c. are in constant use and 
very convenient, but they may convey false notions as to actual structure. 
In the perigynous dowers of Rosacese, for example, such as those of 
IVagarittf Geum^ &c., the stamens really rise from an expansion of the 
receptacle, forming the so-called throat of the calyx, and m BosUy Pyrt(s 
(tig. 172), and other similar forms the carpels are really enclosed in an 
ex^vated receptacle or receptacular tube^ from the upper edge of which 
sepals, petals, and stamens arise. In these cases the receptacle instead 
of lengthening into a conical extremity becomes tubular. 


Fig. 170. 



liHg. 170. Epigynous flow<*r of an UmbellilVr in aoctlon; instil oonipletely inferior. 

Eig. 171. Flower of Buiifrage in Boctiou, with a partially adherent calyx and half-superior 
pistil. 

Fiff. 172. Flower of l^rus ia section; pistil inferior, calyx superior, corolla superior, stamens 
perigynous. 


The adherence of stamens to pistils produces what is called the gyrnn- 
ilrous condition, so remarkable a character of the Orchidaceae and Ascle- 
piadaceae. 

Irregular growth. — Irregularity of flowtTs arising from unequal 
^ize^ diiferent fonn., or unequal degree of sej>aralion of the organs 
or whorls is extremely common. Dilferciit form and size produce 
irregularity in the lloral envelopes and stamens of many plants 
where these are free ; and this is often associated with irregularity 
arising from suppression. The irregular union occurs alone, or is 
superadded to all the rest when the organs are coherent ; this con- 
dition is oftenest found in the floral envelopes, in the stamens less 
frequently, and in the pistils perhaps not at all. 

IiTcgiilar polypetalous flowers illustrating this point present themselves 
in I’apilionaceous plants, in Funiariaceas, Violaceee, &c. ; irregular poly- 
sepalous calyces occur in Aconitumj Delphinium, &c, Stemens are gene- 

h2 
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rally alike in the same circle ; but in didynamoui^ stamens (two lonj? and 
two abort) there ia an exct'.ption to this. Irnig'iilar ^amosepalous calyces 
and irregular gamopetaloiis corollas are met with in endless variety of 
forma, in the ninjority of which there is a tendomcy of the component 
organs of a whorl to associate together in two groups, front and back, so 
as to prodnce a bilabiat(‘ condition, as in the corollas of most Labiatroand 
Scrophiilariacem. Unequal degree of nuinn of slanions produces the 
diadidphouH condition of many L'‘giirainos<aj, and the still more irregular 
pnhfadelphmfi condition in Orange. These points will bo further 
explained in the next Sections. 

It may be r( peatcd here, that the deviations fn>in irregularity falling 
under this head almost univm’sally arise during the developiiK'nt of the 
bud from its originally regular rudiiuents. 

Development of the Thalamus. — IMost flow(‘rs have only v(Ty 
short or contracted intcrnodcs dovclojanl Ixdwoen the whorls : that 
is to say, the? receptacle or thalanuis is usually not lengthened. 
Exceptions occur to this, how(‘ver ; for in the (hper tribe vve havi) 
long internodes b(^t\vc‘en calyx, corolla, stamen, and pistil. 



Fig. n:?. intenioiii* iM'Uifou tho calyx (wliich i.s tamed 

Sr ''7 P***^'^” seated in n hollow reeeptaeh\ 

Fig. 175. of the ]Srai>le (vlcer), with the petalH remov«‘d, showing th«i stamens ariswg 

from an hypogynous “ disk *’ or outgrowth from the recepta-cle. ** 


In Bianthm and Siltyo (fig. 173) there is a short iiitemode between 
the calyx and corolla, in Gentimm between the stamens and the pistil. 
In the liose (fig. 174) the receptacle is expanded into a cup, from the 
inner walls of which th(» carpels arise ; and in Kelumhimn the carpels are 
immersed in a large fleshy receptacle. In many cases what ia termed 
calyx-‘tid)e is in reality a tubular prolongation of the receptacle, from the 
edge of which the cal^x, petals, and stamens arise. In the Pfeonv the 
receptacle is raised up into a kind of cup or ** disk ” round the carpels, in 
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P. Moutcui enclosing them all but the stigmas : the apparently inft?rior 
position of the ovary of Victoria depends oji the discoid development t>f 
the receptacle where the outer floral circles are inserted. A ring of 
similar nature, free from tlie ovaiy, occurs in Alchmnlla, Aiiotlier con- 
dition exists in the Mignonette (Pcm/a), where the cup-like or annular 
development of the receptacle is iiiside tlie floral envelopes, and forms a 
support to the stamens surrounding the ovary. This form of the “ disk,’' 
which occurs also in Acer (hg. 175), must not be conlounded with those 
depending on the presence of ptu-fect or imperfljct whorls of aboi'tive 
floral organs. The epigynous disk of Umbellifcrm (lig. 170) and allied 
oj'ders is probably a development of thii receptiicle, since thii so-called 
adherent tube of the calyx is perhaps an (^vcaxaU^d n^^eptacle. In 
CircceUy and to a greater or less extent in other OnagracetC, the epigynous 
}»rocess supporting Ijie floral envelopes and stamens is prolonged into a 
lubt^ above the inferior ovary, surrounding tlie long free style. Wliere 
organs are mnllijdied, we often liiid the tJialamus lejigllioued into a 
conical or clavate body, to give room for the iusertiori, as with the pistils 
of Itimunculus (tig. I<i8), MiUjunUa, Fraf/aria, Ac. In Geraniaceuj the 
rectjptacle is prolonged iiito a coluiun in the ccmtre of the coniluent styles j 
and the same occurs t<j less extent in Ftq)horOia. 

When a circle of organs is removed from its prode(*essor by a 
stalk-like inteniode, it is called Mijnlate, The coJumn supporting 
the carpels of Otratdani,{\), 143, lig. 370), or those of Umbeilifera!, is 
t(,*riii(‘d a catyo^/kore ; the stalk of tlie ovary of Gentiana is a ////nu- 
jjJiore ; a stalk above the corolla, supporting both stamens and pistils, 
as in Passion-/lo\vc‘rs, is iiift/tiaHdroyhore, The form oi‘ tlie flower is 
d(^peii(lent in many cases on tho ohlujuitif of tla^ rec(;pt.acle, as in Jjo- 
guininoso), Acotdtiim^ Delykiumm, and many other irregular flowers. 

Enation, Substitution, Superposition. — The modilicutions arising 
from enaiion ha\'e been already aliiuled to; wiiile those dej>endeiit 
on the fitihutil (UioH of one organ for another, as in many double 
flowers vvh(*-re the staimnis are rejilact^d by ])etals, demand only ])as- 
sing notice. Saj^erposltion arises from various causes, as from tlui 
abortion or suppression of a part that should come between and 
alternate with the superposed parts, or it may arise from chorUu 
or ('nation, or from true suptTposilion of successive cycles, as in 
iSatda, and possibly by growth in the axil in the same way that a 
bud is axillary to a leaf. 

Causes producing modifications.—The modifications met with in the 
construction of flowers may be dependent upon arrest, exaltation, or 
version of growth or of development, either separately or in conjunction. 
By growth is meant mere increase in hulk, by development the progressive 
change in the form and structure of organs (metam()r[)ho3is) which takes 
phice in the course of their passage from the initial to the adult stage. By 
the action of the causes above mentioned, the parts of a plant vary in com- 
position (simple or divided leaves, &c.), number (increased or diminished), 
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arranp^ement (spiral, opposite, or verti dilate, &c.), freedom or union, form 
(regular or irregular), order of growth (consecutive, sinuiltaueous, inter- 
calary, definite, indefinite or interrupted, congenital or postcongenital, &c.). 

These changes may be conymital and hereditary, and then cuiiinion to all 
plants that have originated from a common ancestral type ; or acquired 
or athfytive,, when they have become manifest in order to fulfil certain 
special or individual requirements, or to put the plant in harmony with 
the circumstances under which it has to live. Thus the forjn, colour, 
and perfume of flowers are often in direct relation to the habits and 
structure of the insects which visit them for the sake of the honey, and 
whilst so engaged effect the fertilization of the flower in ways hereafter 
to be mentioned. It may thus be said that the form of the plant and its 
parts is dtmendent, Ist, on hereditary endowment, and 2nd, on adaptation 
to the work it has to do, the means it has of doing it, and the circumstances 
under which it must be accomplished. Sometimes from causes only im- 
perfectly understood there is a reversion from a more complex or adult to a 
simpler or embryonic form, as when a petal or a stamen becomes leafy; 
and ^ other cases of similar character may sometimes be explained hypo- 
thetically by assuming them to be reversions to an ancestral form. 

Diagrams, Floral formulas. — For purposes of ready comparison, 
and to avoid lengthy descriptions, diagrams or plans and floral for- 
mulse are made use of. 


^ A diagram is intended to show the number, arrangement, and relative po- 
sition of the parts of the flower. Thus, fig. 1 (52, p. 91, represents the diagrmn 
ol a complete, regular, isomerous, pentamerous flower. Fig. 191, p. 00,8liows 
a trimerous flower, with the parts in regular alternation. Diagrams of this 
kind are spoken of as empiric when they represent the actually existing 
state ot the flower, while they are termed tlieoretical when the condition 
shown 18 that assumed or known to be the typical one, apart from the modi- 
fications brought about by abortion, chorisis, &c. Thus, fig. 105 n. 95 
shows the /’ondition in Labiates, where there are four stamens, the 
situation of the fifth, which is abortive, being shown by the dotted circle. 

Ill place 01 diagrams^ tral fonnidat are sometimes made use of These 
are constructed iii various ways according to the views of various authors, 

this matter. Ihe folloxvmg lUustratioiis will exemplify these formula • 
thus a regular pentamerous eucyclic flower may be represented thus:^ 

S5 P6 A5 G5; 

the S representing the calyx of five sepals, P the corolla of five petals 
A the andrcBCium of five stamens, and G the gvnsecium or pistil oTfive 
c^els, each ^orl distinct from each other, and the parts oVe^h indl 
Tidual whorl also distinct and free from cohesions or adhesions so-caUed 
In the instance given, the parts are assumed to be all in their m-oner 
alternate position; hut this might be more cJearl.v shown thus ^ 

S5 A6 ' 

p 6 as 


or more brietijr thus : — 
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F 6 = 


S A 
P G 


the F standing for flower. 

Ill order to indicate cohesion a lino or a bracket over the letters may 
be used, and a similar line placed vertically by the side of the letter may 
represent adhesion j thus the formula 


I'PA 

may be taken to represent the flower of a Primrose, in which the five 
sepals are coherent, the five petals liketvise coherent, the five stamens 
free among themselves, but superposed and adherent to the corolla, and 
lastly the five carpels coherent one with the other. The spiral or verti- 
cillate arrangements may also be indicated by similar devices, thus : — 

f\j S P 6 A 00 G 5 

would indicate a calyx of five sepals arranged spirally on the f plan, a 
corolla of five petals verticiilate, an androecium of numerous stamens 
arranged spiralfy, and a gynsecium or pistil of five coherent carpels, the 
sign rvj inaicating a spiral arrangement, and the sign oo always indicating 
an indefinite number of parts or too many to be readily counted 


Sect. 8. The Floral Envelopes or Perianth. 


Calyx and Corolla. — The floral envelopes of a typical flower 
consist of two circles of organs, forming the oalf/a; and corolla. 
There is no fundamental difference between sepals and petals (the 
organs which compose these circles) ; and the only general defini- 


tion that can be given is, that the 
outer circle (or, if only one circle 
exists, that circle) is the calyx; 
the corolla consists of the second 
circle (or sometimes of additional 
circles) of foliar organs intervening 
between the calyx and the stamens. 
In some few cases the perianth or 
floral envelopes are entirely want- 
ing, as in many Aroids. 

The above definition of the calyx 
is liable to exception in rare cases; 
for in the Malvaceae, the Dipsacoae, 


A Fig. 176. B 



Calyx with epioaJjx. 

A. RiMaetM (Malvaceae). 

B. PoUntiUa (Bosaceae). 


some llosaceaB the true calyx 


* For details relating to the morphology of the flower the student should con- 
sult Eichler’s ‘Bliithendiagramine/ Sachs’s Text-Book, and Masters’s ‘Vegetoble 
Teratology.’ Reference should also be made to the account of the principal natu- 
ral orders in the following pages, wherein the general principles of morphology 
are illustrated by reference to their particular application to diiTerent orders. 
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is double, that is, a circle of smaller organs, resembling sepals, or a tubu- 
lar cup, stands outside the proper calyx, forming what is called an 
epioa^x (fi^. 170). The ambiguity in these cases is removed by the 
existence of a well-developed coloured corolla inside the calyx. 

The epicalyx of Mjilvacese, like that of Dipsaceae, is perhaps to be 
regarded as an involucre of bracts. That oi Potentilla (fig. 170, b) 
and allied genera is sometimes supposed to represent confluent lateral 
lobes or stipular appendages of the sepals. 

Feriantll. — The terms perianth or periyone are used in a general 
.sense to signify all the floral envelopes, and are specially applied 
to instances where the distinctions between calyx and corolla are not 
apparent, e. g, when the sejials and petals are all petaloid, as in the 
Tulip, &c., and when they are all green and sepaloid, as in the 
Dock, &c. The words art^ also applied to the calyx in the Orders 
where it reguhirly exists alone, eitlier in a sepaloid or petaloid con- 
dition, as in Daphne and the Monochlainydeons orders generally. 

JEstivation. — The arrangeim'nt of the floral envelopes in the hud, 
the (estivation or prcejloration, is a subject of great importance iii 
systematic botany, as affording very regular characters in the ma- 
jority of tlie natural orders. 

The plmis otivsimition given in illmtrntive works (i'lfy. 177) are 
from horizontal sections of the bud just before it opens; and in cases 
where the sepals or p(‘taJs are coherent below^ the section is supposed to 
pass tlirou^di the free lobes of the limb, 

Tfie icstivation of flower-buds agrees essentially with the verna- 
tion of leaf-buds (p. 7i?), especially as regards the folding of the 
individual organs ; tlie sejials and petals may be reclmaU, condnpli- 
cate, plicate, convolute, involute (a still further rolling-iii rendering 
this induplicate), revolute (in excess becoming reduplkate) ; circinate 
as in the petals of IJaniamelis, and an additiotial case is found in 
Poppies and some other flon ers, where tlie petals are irrefuilarly 
crumpled-up, or corrugate, ^ ^ 

I Collectively the arrangement of the organs is either imhrieate 
vedvate, or open. Imbricate. varieties of this land are best seen 
in whorls of li\^e, \A'hich furnish four distinct forms of icstivation 
each being dediicible from that which precedes it, by shifting the edge 
of one petal, as follows : — 1 . Quinmmial, or the plan (fio- 177 
2. Half •imbricate (B), which only differs from the last in’ that the 
4th part overlaps the 2nd. 3. Imbricate proper (C), in which the 
5th part overlaps the :3rd. 4. Convolute (D), in which the 3 rd part 
overlaps the first. If convolute petals are t wisted, they are called 
cotdorted (fig. 1 77 , ¥). In other words, the axis of a median line down 
each petal is erect in the simply convolute, but spiral in the con- 
torted. 
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Imbricated whorls with four or three parts are usually either 
imbricate proper or convolute. "Whorls with two parts are often 
et^uitant (fig. 125), as are the petals of Poppies ; or luilf-equitant, 
as the sepals of Poppies, of w^hich each part has one edge overlapping 
an edge of the other. These two conditions may be regarded as 
degraded forms of the imbricate proper and convolute respectively. 

A special form of the lialf-imbricate is seen in the oestivation of papi- 
lionaceous corollas (tig. 177, E), and is named rexillcm/, from the posterior 
petal, which is called the vexillum, or standard.” The order t)f the petals is 
as iollows : — The standard is No. 1 ; either keel-petal is No. 2 ; tlie wing- 
petal on the opposite side of the flower to the last is No. Ji; the other 
wing No. 4 ; and the remaining keel-petal is No. 5. Thus No. 4 will be 
seen to overlap No. 2 (see figs. 191-11)3, p. 111). 

The {estivation of the Snap-dragon {Antirrhinum majus) is calhid 
cochlear j but it is really half-imbric{ite. 

When the organs are coherent at their margins they may become 
variously plaiU'd or the portions sometimes assuming the 

contorted character, as in the corolla of the Convolvulus (fig. 177, 11). 


Fig. 177. 

A B C I) 



.^{stivation <»f tjorollas. 

A. Quineuncial. B. llalf-inibric'utr. C. Irobru-ato. J). (.'omolutn. (After G. II ciihIow.) E. 
Vexillary as^tivatiou of Uu* eorolla of a Pu}>ilioiuue<iu>j flower. F. Conlortect aistivation 
of the eorolla of Mali'a. G. Vahate aintivatiou of the corolla of Vtiis. U. Plicate 
aestivation of the corolla of Cunvulcidus. 

Valvate cestivaiion . — This kind of {estivation occurs wlien the mar- 
gins meet but do not overlap (fig. 1 77, (x). If the margins of the 
organs are rolled inwards they are involute or Indnplicate (tig. 127) ; 
if, on the other hand, th(?y are rolled outwards, they are called 
revolute or reduplicate, in both of which cases the rolled borders 
only are in contact, and not the absolute margins. 
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Open , — This is also called “ straight.” The parts of the whorl, 
usually the calyx, are so rudimentary or arrested in growth, that 
they do not even meet, as in the Umhelliferce^ Jiuhiaecm, &e. Hence 
this sDstivation may be said to be indeterminate, — G, H.] 

The calyx and corolla may both have the same aestivation, or they may 
be dilierent ; and their characters may hold good for all the species of a 
genus, as in Hypericum^ in which the calyx is quincuncial and the corolla 
contorted, or even for all the genera of an order, as of Malvace®, in which 
the calyx is valvate and the corolla convolute or contorted; but it is 
very common for a species to have several varieties in diderent individual 
flowers, even on the same plant. 

The direction of the s[)iral in imbricated O 0 sti\'ations is variable, 
often in the same plant: occasionally the direction changes in 
passing from the calyx to the corolla ; at other times it remains the 
same ; and this character is sometimes constant, in other eases very 
inconstant. In determining the direction of sj)iral8, right-hand or 
left-hand, it is usual to suppose one’s self standing in the axis of 
the organ ; but man}'' authors suppose themselves standing iu front 
of it — for instance, in the place of the bract of a flower, which gives 
tlie exact ()i)})()site of the former; hence great confusion in the ap- 
plication of the terms dextrorse and sinistrorse. 

Calyx. — The calyx is the outermost <*ircle of the floral envelopes. 
It is e()inj)osed of ])hylIoines or modifications of leaves, called sepals; 
according as the sepals are distinct or eoluTeiit, the calyx is termed 
polysepidous (or dlalysepalous), or 7)ionosq)aloi(s (or yamosepalous). 

The exceptions to the absolutely external position of the calyx have 
been pointed out. 

The Sepals generally bear more or h^ss resemblance to bracts, 
being attached by a broad base, seldom articulated, without any 
stalk, and of a green foliac(»ou8 texture; not iinfrequently, how- 
ever, their texture is of the coloured and delicate nature described 
as petaloid. They are usually entire, but the margins are some- 
times cut, as in the Itose (tig. ir)8), and they are occasionally re- 
duced to scale-iike, or even feathery or hair-like processes. They 
art' likewise subject to the production of pouches, spurs, es- 
pecially at the lower part, both when distinct and when coherent ; 
and the apex is often more or less prolonged into a point or spine. 
Their mode of venation is usually like that of the sheath of the leaf. 

Some confusion is liable to arise in the condition called a superior calyx, 
where the segments are totally free : if we suppose an adherent tube to 
exist below, such a calyx would be mouosepalous ; but the so-called 
calyx -tube is usually a cup-like receptacle, and the sepals originate or 
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become detached from the point where they appear to he inserted — for 
example, in Rosacese, Umbelliferfie, Cucurbitaceee, Compositse, &;c. 

PolysepaloiLS Calyx.— In the polysepalous calyx, if the sepals 
are alike and symmetrically arranged, the calyx is retjular ; if some 
of the sepals are larger than others {Helianthemum^ C heir aniline ^ 
tig. 178) it becomes irregular; and this is still more the case 
when the sepals differ in form as well as size. 8ome of the most 
remarkable irregular forms of polysepalous calyx occur accom- 
panied by a petaloid condition, as in Aconitum (fig. 1711) and Del- 
'phinium. 

The coloured calyces, both regular ( Fuchsia) and iiTegular, may ho 
easily mistaken for corollas ; hut they are known by their exterior posi- 
tion, and in some cases by the existence of a more or less perfect corolline 
circle within. 

Directioil. — ^The direction of sepals (whetlier distinct or partially co- 
herent) is indicated by technical terms ; thus they may be erect j couni-‘ 
vavt (the points turning in), divenjeut, or e^•eu rejicjcvd. 


Mg. 170. 



Fig. 178, Irrf*gwlar iiolvsoi)alous calyx of Cheiranthun. Tw<j of tho four sepalo are dilated or 
“gibljons ” at thi* base.' 

Fig. 179. Irregular polysepalous coloured calyx of Aconiium Napellua, 

Fig. ISO. Regular gamosepalous calyx of Silene influta. 

Farts of a Gamosepalous Calyx. — When the sepals are confluent 
or not separated, the (jamosepahms calyx (fig. 1 8U) is usually de- 
scribed as a whole. The part where the sepals are coherent or are 
still inseparate is the tube ; the upper boundary of this is the throat 
ifauoc ) ; and the free or spreading portion constitutes the limb — 
composed of lobes or teeth with intervening sinuses when the upper 
part of the sepals is more or less distinct ; entire when the sepals 
are so completely confluent that the compound nature is not indi- 
cated by any teeth or fissures at the free edge. 

It is necessary not to confound the receptacular tube with the calyx-tuhe 
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proper. An investigation of the course of development will sJiow the 
dilierence between the two, and, generally speaking, the position ol the 
petals and stamens ; if the latter tu'e pcriyynous, it is probable that thii 
tube below is receptacular. The venation and internal structure Avill also 
serve as guides in this matter, inasmuch as the receptacular tube contains 
not only its own vascular bundles, but those of two or more verticils of 
flowers, and which are derived from the primary ones by subdivision. 

Form, — The gamosepalous calyx is subject to the same ^nds of 
modification as that in which the sepals are distinct. It is either 
regular or irregular. 

Of the regular kinds we find a large number which present forms ad- 
mitting of general technical names, such as tubular or cylindrical^ cup- 
tshajHid^ ihfimdihuliform or funnel-shaped, campanulate or hell-shaped, 
urceolatc when the tubular form is expanded below, turbinate or top- 
ehapcd w'hen expanded above, inflated when the lateral view is oval or 
roundish with a narrow mouth (fig. 180), X:c. In some species of Cam- 
panula tliere are regular appendages at tlie bottom of the sinuses between 
tlie teeth. In Primula and some other genera the tubular calyx is an- 
gular or plaited. 

(hilyces nearly resembling the above arc rendered irregular either by a 
greater extent of disunion taking placo between some of the sepals, the 
intervening fissures being so much deeper than tiie others that the teeth 
become associated in two sets, giving a bilabiate condition (tig. 181)— or 
by irregularities at the base, where a shallow pouch renders the calyx 
gibbous (tig. 178), a deeper one saccate^ and a long narrow pouch forms 
what is caliiid a spur, lu Pelargonium this spur adheres to the peduncle. 

Ill some instances a tubular developmeut of the receptacle or flower- 
stalk simulates the spur ol’ the calyx. 


Fiji-. IHik Fig. 184. 



'Ftp;. IHl. liUnhintt^ ctilyx at Sti/ruf. 

Fig. is:#. .KJort.1 ol' the limb of the calyx rc)*lficcd I)y briritlcH {pappus). 

Fig. ISii, Fruit of Oic/wnuin,crov, uvd by tlie pcrsistciit calyx represented by a circle of spines 
(pappus). ^ 

Fig. 184. Section of the persistent calyx, enclosing the ripe capsule, of Ilyoso^aaiua. 

The Pappus. — The free portion of the calyx of Composite, Dip- 
sacem, and VahTiauacem exhibits a very aberrant condition by 
appearing in the form of scales, bristles, or feathery or simple 
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hairs, constituting what is called the po'pims (figs. 182, 183). In 
Centmntluvs the limb of the calyx is undeveloped when the fiower 
opens, but expands during the ripening of the fruit into a crown 
of feathered processes. It is doubtful whether the pappus is not 
in some cases a series of mere epidermal growths or trichomes. 

Duratioil.-r~The duration of the calyx varies much. In the Papave- 
raceas it is caducmis^ falling ofi* when the fiower opens ; if it falls with the 
cofolla soon after fertilization of the ovules, it is deciduous 'y very fre- 
quently it is persistent during the ripening of the seeds, as in Labiatse, 
some Solanacess (fig. 184), Compositse (fig. 183), &c. ; the upper part 
sometimes separates by a circular slit, leaving the base, as in Batura 
Strammium ; occasionally it grows during the maturation of the fruit, 
and is then accrescent, forming in Physalis and Trifolium fvayiferiim, for 
example, a vesicular envelope to the fruit. In the Marvel of Peru and 
other plants it is marcescent, remaining and growing into a firm envelope 
of the fruit. 

Further details respecting the characters of the calyx are given under 
the head of the Perianth. 

The Corolla. — The corolla is composed of all the leaf-like organs 
or floral envelopes situated between the calyx and the stamens ; 
these are individually called petals^ and may exist in one or more 
circles. Where many circles exist, the inner organs often become 
stunted or deformed, and more or less resemble barren filaments or 
abortive stamens {Nymplma). Each petal, under ordinary circum- 
stances, intervenes or alternates between two sepals. 

The petals are either distinct, and then the corolla is called dialypeta’- 
lous or polypetaloHs I or they are more, or less coherent or inseparate, and 
the corolla is gamopetalous^ sympetalous^ or moriopctalous. 

When more than one circle of petals exists, tlio corolla is multiple or 
double ; this is normal in certain phants, but is very liable to occur from 
transformation of stamens, iJ^c., or from actual multiplication of wliorls, 
as in cultivated flowers of the Rose, Camellia. Ranunculus., AnemonCy iS:c. 
The petals are usually direct outgrowths from the thalamus, hut some- 
times they appear not to be autonomous parts hut secondary outgrowths 
from the stamens, as in some Mallows, Primroses, &c. 

The Petals. — Although petals frequently depart more than or- 
dinary sepals from the character of true leaves in colour and tex- 
ture, they present greater resemblance in some respects, since they 
frequently have a more or less developed petiolar region, which is 
sometimes of considerable length, at other times a mere thickened 
point ; and they are commonly articulated to the receptacle. The 
petiolar portion of the petal is called the claw {/anguis)., the expanded 
portion the limh (lamina) (fig. 185), Petals are likewise more 
frequently cut at the margins, as in the fringed petals of Pinks and 
the laciniated petals of Lychnis Flos-Cuculi, or they are deeply 
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divided into lobes, as in many Caryophyllaceae (fig. 1 86) and the 
pinnatifid petals of Schizopetalum^ &c. 


Fig. 185. Fig. 187. 



JSlg. 186. Petal oiDicmthm, f anged and stalked. Fig. 186. Bilobed petal of Alsine media* 

Fig. 187. Spurred petal of Aquilegia. 

Forms of Petals. — The forms of petals resemble many of those 
indicated for simple true leaves ; in addition to which others occur 
presenting curved surfaces: these are called simply concave, navi- 
cular or boat-shaped, coMmriform or shaped like the bowl of a 
spoon, &c. ; or they may have basal pouches, and be gihhous, sac- 
cate, or spurred (fig. 187). Others have peculiar appendages above, 
such as the crests in Polygala and the strap-liJce indexed points in 
the petals of the Umbelliferao. 

The term nectary is vaguely employed to indicate certain struc- 
tures of varying character intermediate in position between the 
petals and the stamens, and different in aspect from both. 

Petals are ordinarily of delicate structure and coloured, whence we 
derive the term petahid ; hut they vary in texture from a membrana- 
ceous to a thick and fleshy condition, such as we see in Magnolia^ Nym- 
pheetty &c. 

Pol3rpetalou8 Corollas are regular when the petals are equal 
and symmetrically arranged; the individual petals maybe them- 
selves either symmetrical or oblique, provided they are all alike. 

Some of them have received special names, such as : — the rosacenusj 
where there are live spreading petals; the liliaceous, vfheYQ six petals 
spread gradiiallv from a funnel-shaped origin; caryophyllaceom, 
five petals have long erect claws from which the limbs turn off at a sharp 
angle; enmfo/fn, where four such long-clnwed petals with horizontal 
limbs stand in the form of a cross, as in the W allflower, iS:c. Slight 
degrees of irregularity arise from some petals growing larger than others, 
as in the case of the outer petals of the outer flowers of the corymbs of 
Ihcris, those of the umbels of Umbellifer^, &c. ; but more strikmg irre- 
gularity results from unlikeness of the pet^s and disturbance of symme- 
try in their insertion or point of emergence. The imperfect corolla of 



THE FLOBAL ENVELOPES — COROLLA. 


Ill 


Aconite (fig. 188) is an example of this ; and a still more important case 
occurs in papilionaceous corolla of Leguminosee (figs- 191-193), which 
is composed of five petals, of which the posterior, the vexillum (fig. 192, a) 
or standard, the largest, usually symmetrical in form, is placed trans- 
versely ; the two lateral (fig. 192, o, 6), mostly oblique in form and small, 
forming the aim or wings, stand right and left, with the edges fore and 
aft ; and the two anterior (fig. 192, c, c), also small and oblique, often 
coherent in front, and forming the carina or keel^ also stand with their 
edges forward. 


Fig. 188. Fig. 190. 



Pig. 188. Flower of Aconiivm with the sejmls removed, showing the two hammer-headed 
posterior petals (or nectaries), with lateral and anterior scale-like petals, outside 
thf^ numerous stamens. 

Fig. 189. Bilabiate scroll-like petal (or nectary) of Hellebore, 

Fig. 190. Floret of Composite, with inferior ovary surmounted by scaly pappus and tubular 
corolla. 

Examples occur in the large order Leguminosae of almost every modi- 
fication of the papilionaceous corolla, approaching to regularity in Baptisia 
for instance, and still more in Cassia. Irregular corollas exist also in the 
Fumariacem, in Viola j ]5.ilsarainaceae, Pelargmtwnij Troj^molumf and very 
many other plants. 



Fig. 191. Papilionaceous corolla of Pea. ' 

Fig. 192, The separated petals ; a, vexillum ; 6, h, alse ; c, e, carina. 

Pig. 193. Ghrouad-plan offloral envelopes, showing the coherent sepals an^ »itivation of the 
petals. The central line shows that the flower may be symmetrically divided into 


two equal halves. 
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Gamopetalous Corollas liave a tube., throat, mid Iwih like the 
gamosopalons calyx; and similar terms are used to indicate the 
more common regular forms, such as tuhalar 190), carnpanulate 
(tig. 194), funnel-shaped or infwnddndiform (fig. 19o), urceolate 
(tig. 190), &c., a few otbiirs being requisite for the corolla, more 
(‘specially such as rotate, when the tube is extremely short and the 
limb spreads at a right angle (Anagallis), hifpocrateriforin or salver- 
shaped when a similar limb turns ofF from a long slender tube 
(^Jasininmn, Phlox) (tig. 197), t^^c. 

Irregular gamo])etalous corollas often furnish important syste- 
matic (^haract(‘rs ; and several of the forms or classes of forms have 
special tecdinical names. 

The lignlaie corolla is tubular at the base; hut, disiiiiion soon occurring 
at one sinus, the limb is turned off to one side in the shape of a Hat rib- 
bon or strap, on th(^ iruirgin of which occur moni or less distinct t(^eth 


Fig. 104. Fig. 195. Fig. 107. 



Fip. 194. wrollii of a Oontian. Fig. I9r*. Un*ooln1,(‘ onrolla of a Hoath. 

Fig. 195. Funnel-shaped corolla of Convolvulus. Fig. 197. Salver-shaped corolla oi Phlox. 

indica.ting the live component pc'tals (fig. 19H); this is ospocially found 
in the ray./?e/T^,s of Composita* : a modification witli the tube and limb 
wider in ])roportion to tlie length occurs in Lobeliacejc. The labiate or 
hilahiafe cjorolla of the Tjahiatm (fig. 190) is formed by the two upper 
petals of the limb, which are scarcely at all separated, and stand apart 
from the three lower or anterior petals, whicli also are only partially 
separated, forming a lower lip opposite the upper (me and projecting for- 
ward from th(' throat of the corolla : .soinetimc*s the upper lip is concave, 
and is then termed galeate, or helmet-like j in other cases {Ajuga) it is 
almost abortive. 

Almost every modification of this form occurs in the Labiate, ap- 
proaching to an almost regular tubular corolla in Mentha. This form 
occuirs also in the florets of some Composite and in those of various Dip- 
sacejc, where, however, the upper lip is .‘Mobed and the lower 2-lobea ; 
in the Honeysuckle the upper lip conteins four petals, and the lower is 
formed by a solitary one. Vermiica has an irregular corolla intermediate 
between hilahiate and rotate (fig. 200). 
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The personate or masU-lilce corolla is rather indefinite in form ; the type 
of it occurs in Antirrhinum (tig. 201), which approaches the labiate form ; 
but the throat is closed by a gibbous projection (forming tlie pahte), 
giving the front view the appearance of a mask Avith a broad-lipped 
mouth. 


Fig. 201. 


Fig. 198. Liffulalu corolla of Composite, with “inf<“rior” ovary and scaly pappus. 

Fig. 199. BUttbiatit corolla of Salvia, of fiv«> united irregular pcUls. 

Fig. 200. Corolla of Verotdea, l)ilnl)iate in structure, but the four segments spreading like a 
rotat<i corolla, and with two stamens. 

Fig. 201. Personate corolla of Antirrhiawn, 

This is accompanied by a similar r/ihhmis condition of the base of tlie 
tube in Antirrhlnvm, and by a spur in the mma situation in Unarm, 
Aberrant forms of this type occur in Calceolaria (fig. 202), Vtricularia 

Fig. 202. 


Fig. 203. 


202. Personate corolla of Calc 0 olaria. 

203. Personate corolla of UtHeularia. 

204. Petals of Lychnit, with scales at junction of stalk and blade. 

306. Section of a flower of a Boraginaceous plant, showing scales in the throat, between 
the stamens, superposed to the petals. 

Z 




Fig. 205. 
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(fi^. 203) ; and it runs into the labiate form by such corollas as those of 
Melampynmi <fec., becominj? tubular in Dufitalis. Forms allied to this 
occur commonly in Big*noniacpfB, Gesneracem, Acantbacofe, <fec. 

When the throat of a bilabiate or irrep-ularly lobed tubular corolla is 
widely opened, it is called rinfient or gapinpf. 

Outgrowths from Petals. — IWals wlien distinct sometimes ex- 
hibit appendages on the inner bu‘,e which have bc^en interpreted as 
stipulary, as in Lychnis (fig. 204) ; in Ilanunculas we find a minute 
scale at the base, and in J^amassia a largish scale, sim])le or divided, 
and of glandular character. In gamopetalous corollas we often 
find a circle of scales in the throat, (dth(?r free or confluent into 
what is called a coronet (roroun), somcdiuies developed so far as to 
])rodiice a long tube ])roi(Hding from the throat. In other cases 
there is simply a ring of hairs in the throat- (Mentha^ &c.). In most 
cases the scales are in front of the lobes of the corolla (fig. 205), 
rarely alternate and op])osite to the sinuses. 


l^xamples of circles of scales in the thront occur especially in the 
Bora.ginac(*i '0 Symphytum^ In Karcimis 

p<>'ct{cus and olh(»r species tlio corona is a compli‘t(^ ring, while in N. 
pseudo- narcissus (the Daffodil) it forms tlus deep ytdlow tube projecting 
from the centre. Some authors attribute theso structures to charms^ 
others r(»irard them as representing a circle of regular stamens in an abor- 
tive condition ; and the alternate scales of Smuolus may represent an 
abortive circle of stamens, as this would restore the symmetry of the 
flower. Usually, however, they are more outgrowths from the petals, 
formed by cnation at a late stage of development. 

These structures, by a confusion of terms, Juive been called iwctanes and 
nectarifiu’ous scales. Tlie terms scale and coronet art^ more 
exact and convenient. Fig. 306. 

Duration. — The corolla is caducovs, decidaovs, or 
persistent, like the calyx. Occasionally it falls away 
in part by a circular slit, as in Orobanchc ajid JUdnaa- 
thus. 



In Vitis the caducous corolla .separates from the rocep- 
fade at tlio bases of tlie petals, which cohere above and (!oberinj» 

fall off like a little star when the flower opens (fig. 3()()). 

The corolla is mostly deckluous ; it is persistent in Cam- star - shaped 
jnmula. 

In withering, the petals are sometimes closed (oedusa), as in JEeheveria, 
spreading as in Boussinyanltia, reftcced as in Tteyonia^ crisped as in Pavia 
pulpy as in Tradescantia, circinate as in Capparis, recireinafe as in Mesem- 
hryantlmmcniy and conduplicate as in some species of Ornithoyaliim. 


The Perianth, in a special sense (see p. 104), consists of the 
floral envelopes when composed of two circles of similar organs, 
so that, except in position, there is no difference to be seen betw^een 
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Fig*. 207. 


calyx and corolla, as in the Tulip ; or of one circle, then always 
called a calyx whatever its colour, as in Monochlamydeous flowers. 

A large number of the Monocotyledonoiia orders 
possess a petaloid perianth ; that is, there are two 
circles of petaloid organs, which, from their resem- 
blance, or actual coherence, have the appearance of a 
single hexamerous whorl. This perianth may be re~ 

(/tdar ( tig. 207 ) or trref/nlnr, like the normal calyx 
and corolla ; it may be puh/ph pilous t)r pamophyllons ; 
and the outer circle may dilfer to some extent from 
the inner in form, size, and colour, without other ir- 
regularity. The form« are (le.scribed by the same Ecjjular o-m<>roiis pota- 
t(*rnis as those used for the calyx, and corolla. ^ six hv- 

We have a rc'gular polypliyllous perianth in the poKynouH staiiMMis and 
Tulip and Lilv ; a regular gainopIiYllous i>eriaiith in h (viitral a-lolu d pistil 
JlemeroeaUis, Coumllaria, i (f inits, xe .. ; a regular poJy- 
])hyllous perianth with unlilve ciri-les in Iris; and irregular polypliyllous 
])eriantlis in Zingilxu’accie, Orchidaceje, tVc. 



Perianth of Orchids. — The irregular perianth of Orchidacefc ftigs. 
208 iV. 200) re<piiies esjiecial mention, as the Order is very large and the 
characters of the p(!i iaiith ])eculiar. There ar(‘ tlirec^ outer organs (a, a, «), 
niori' or less alike, and usually smaller than llu^ inmu’ ; of the inner, tlie 
lateral />) are smaller tlian the posterior (//), ealhal the lip (or labels 
lam), wliicli is olten excessively developed, and oven divided into ri'gions 
which receive separate names; in many of our native Orchids it possesses 
a spur (lig. 208, h*). 


Fig. 200. 



Fig. 208. Flower of an Orchis, seen in its natural position, whore, owing to the twisting of 
the inferior ovary, the anterior or inferior part is above and the posterior below, 
a, a, a, reprngentthe outer parts of the perianth or petals ; A, 6, the lateral petals; 
b', the labelluni, prolongi^d In^hind at th« base into a spur, b*. 

Fig. 209. Ground-plan of the flower, with the same rsfereneea. 

Fig. 210. Flower of Luzula : b, the 6-merous scaly perianth, surrounding six h3rpogyuoUfl 
stamens and a central S-comered pistil with a single style and three stigmas. 



116 


MOKPHOLOGT, OE COMPAEATIYE ANATOMY, 


FeriAHth of Palms, — The perianth of the Palma, of Juiwaceaa (hg. 
210), and other Monocotyledons is composed of scale-like, fleshy or 
hranous organs, either free or confluent, approaching to the condition 
found in the Glumiferae. 

SLonochlamydeons Perianth. — The perianth of the Mono- 
chlamydeouB Dicotyledons is very varied in fonn, texture, and 
colour. It may be gawophyllotis or lyolyphylhus^ and then regular 
(fic. 211) or irregular (fig. 212), ^nA.more^oyQr.yetahidorsefaloul. 
It is reduced to the lowest state in the Poplar (fig. 213), where it 
is a mere membranous cup ; and it is absent in the allied genus 
SaliXy as also in the Ash (fig. 214), which are therefore acldamy- 
deouH, 


Fig. 211. 


Fig. 212. 



Fig. 213. 




Fijjf. 211. Kepular perianth of Aaarum, 


Fjg. 212- Irrt'jTulai' laTianlJi of ArhtolocMa CUmafifin. 
Fiir. 213. Flowrr of tin* Poi)lar: ^ ^ from a male catki 


Poi)lar : _ . 
with u eup-BhajM'd perianth. 


• catkin ; ? , from a female catkin ; each 


A gamophyllous, coloured, regular perianth (*xi.st8 in Thyinelaceae 
(JJajj/we); Iho diill-coJoiired ganiophyllous perianth of Aridolochia is 
irregular (tiff-. 21iM. Thu gainophrllous sepaloid periantiis of Uhima and 
Caatnnea ("dgs. ^/T), 210) S:c. a.:e i*eguhir; the poJyphvIJous scpaloid pe- 
rianth of UriicarviB is also regular. In Poh/yonnm, the regular ganio- 
phyllous perianlh is partially })etaloid, while, in the same order, Hmnex 
and Hhetim have a double circle of unequal, wholly sepaloid organs. 

Glumaceous Perianth. — The perianth of the Glumiferous Mono- 
cotyledons requires sjiecial mention. 

In the Grasses, as already mentioned, the flowers are borne in spikelHSy 
associated in spikes, or panicles. A spikolet of the Oat, for example 
(fig. 217), exhibits at its base a pair of green membranous bracts, the 
glumes (a, a ) more or less enclosing all the inner parts : these are regarded 
HS bracts, or spathes ; and within them are found one, two, or more 
flowers.^ The flowers succeed one another alternately on a rachis j and 
each is invested by a bract resembling the glumes, called the flowering 
glume or the outer palea (figs. 217-219, h) : within this is an inner scale 
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forked at tlie top, and often witk two distinct principal riks ; hence it 
is regarded as composed of two confluent scales. This is called the palea 
or the inner paka. These scales often bear a projecting bristle 


Fig, 215. 



Fig. 216. 



Pig. 214. Naked flower of the Ash (Frcurinug excel Hor). 

21 T). Flower of the Ehii ( Ulmne)^ with a regular r)-toothed perianth. 

Pig. 216. Involucre or yojuig oupule of the Chestnut (Castanea vesoa)^ with two female 
flowers, eatili having a regular perianth. 

arista) at the top or on the back (fig. 218, 6*). Within the pale (fig. 219) 
occur two or in some Grasses three little hypogynous scales {todiculce^ Xy x)y 
corresponding to petals j and to them succeed the stamens and pistiL 



Pig. 217. Spikelet of the Oat : a, a, glumes ; 6, 6, the flowering glumes or outer pales of the 
two florets. 

niff* 

Pig. 


The h^^ogynous scales are three in number in restoring the sym- 
metry. The upper glume is sometimes abortive, as in Loliuniy while in 
Naratts both are absent. In Alopecunis only one pale is developed. The 
spikelet ofWn contains one or more imperfect flowers. 

The perianth of Cyperaceas, where it exists, presents a still simpler 
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condition, analogous to that in the Amenliferous Dicotyledons, and in 
some cases is abortive. In (fig. 220) it consists of a circle of 

bristles ; in Enophornm it is a tuft of hairs, which grow out into a lock ” 
of cotton as the fruit ripens. In Carex (fig. 221) there is an urceolate or 


220 . 



Fig. ?20. Flowor of Sriypun, the <*HF(MillaI organs siirrf niuli t| liy ii circU' ofltri^Llo'!. 

Fig. 22J. Fomalti flowor of Cnrvr: a, the periyyunii'i, or la rianth, in tht* n>.il of n brnyt ; 

d, the tubular jpanV/yniMwi’ cut oi»en vertically, to show how it surrounds the pistil. 

inflated tubular periuynimn or tdrimlm sniTounding the pistil of the 
fertile or female flower, which staiidH in the axil of a bract, and w'hich is 
its(*lf composed of the union of tw'o scales or bract ('oles. CyperuSy Cl(i^ 
(liumy kc. lia\ e the essential organs naked in tlie axil of a bract. 


Sect. 9. The Essential Organs or Flowers. 

Tbt^ essential organs of flowers consist of an andraximn or as- 
semblage of a nd of ii (/yvariunt ov pff^fU consisting o\‘ car^X'la 

with their contained ovules. The aiidruudiun and the gynaK’iuni 
are both prt‘S 0 iit in perfifct flowers, alf hough these latter may be 
incomplete, from the absence of floral envidopes. In diclinovs^ or 
vniseamal flow ers the stamens or pistils exist alone, and the flowers 
are conseipiently imperfect. 

Organs morphnhyically intermediate between petals and stamens occur, 
not only normally, as in the flowers of Nymphmiyhwi such structures are 
very common in monstrous double flow'ers, bearing anthers or polliiiiferous 
lobes upon the borders of petals. The moi’phological connexion is also 
kept lip by the existence of sterile filaments or stamen -stalks, w'hich, like 
the filaments of perfi'ct stamens, may exhibit a petaJoid character. 

In monstrous floivers scmietinies imperfect organs present themselves, 
partaking of the outward characters both of stamens and carpels. 

The Disk. — Abortive organs, referable either to the corolline or the 
staminal circles or excrescences therefrom, have been already rt^ferred to ; 
but it is desirable to notice more particularly the conditions of those struc,- 
tures which are commonly described under the name of disk (see p. 100), 
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The simplest state is that of one or more glandular papilhe upon the recep- 
tacle, as in the Orucifeiie. In tlie Grassiilacem {Sodiwiy 
Sempervivum) A'’e lind a circle of glandular bodies Fig. 222, 
outside the carpels and between these and the 
stamens. In Cobwa^ the Vine, and other flowers 
there is a flve-lobed hj^pogynous disk, the stamens 
being inserted outside or between the lobes. In 
Citrus (fig. 222) the disk forms a perfect ring round 
tlic ovary. In Gaultheria there is a double circle of 
scales between the ataineiis and the ovary. On the 
other hand, in Vmca there are two glands, altisr- 
nating with the two carpels of the ovaiy. The study 
of these structures is very interesting in regard lo the piower of uurm with tho 
reduction of irregular (lowers to regular types. Some jx'tais and stam^'ns re- 
of the structures are rudimentary petals or stamens ; Jla^y^and^^thT annular 
and in other cases they are referable to developments disk surrounding tht^ 

of the receptacle or torm itself (p. 100). 

* vjT / ,g outgrowth 

from the receptacle. 

The Andr(jecmm, 

The Stamens takfui collectively form the Andrcecivm. The 
essential character of a stamen is, that it is that organ in wliich 
are formed the polku-tf rains ^ the bodies l)y means of which the 
fertilization of the ovules is effected. A completely developed 
stamen (lig. 22‘5) exhibits two priiudpal n'gions, the filament or 
stalk (rt), corresponding to the j)etiole of a leaf, or, as Clos thinks, 
to the midrib ol’ a petal ; and the anther (/>), corr(^s[)onding to the 
blade of a leaf. The antlier is a hollow case containing polien, and 
is therefore the only esseniial ])art of the organ : the filament may 
be wanting or nuu'ely rudimentary ; and the anther then remains 
sessile, like a leaf-blade when the petiole is not developed. The 
normal position of the stamens is between the petals and the pistil; 
each stamen, undt^r ordinary circumstances, intervenes between 
two petals or is altenuUe. with them, and therefore superposed or 
opposite to a sepal. In Naias and Typha it is supposed that the 
stamen is axial and not foliar. 

The base of the filament, or of the so-called sessile anther, is usually 
articulated to the receptacle when these organs are//w; but this con- 
dition is more or less disguised when the stamens are 'adherent to or inse- 
parate from the calyx, corolla, or ovar 3 ^ 

Staminodes or sterile filaments, i, e, such as are devoid of 
anthers, occur in many flowers in regular circles ; and not unfre- 
quently one or more stamens exist in this condition in un- 
syrametrical flowers. Sometimes these staminodia are reduced to 
mere scales, as in the odd stamen of Scrophularla (fig. 224), or to 
glandular papillae, as in the flowers of many Cruciferae. 
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Filament. — The filament, in its usual condition, is a slender 
thread-like stalk to the anther, and in this state is termed filiform. 
Sometimes it is almost hair-like, and incapable of supporting the 

Fig. 226. 


Fig. 224. Corolla of S^ophuJaria laid oprn, showing the four didjnamous stamens and the 
postfirior barren one, or gtaniinodo. 

Fig. 22^. Ftaim?n of Allium^ with a trifld filament. 

Fig. 226. Stamen of Purig quadrifolia with j^rolonged connective. 

weight of the anther, when it is caj)illary, as in the Grasses ; while 
it is still more frequently thick at; the base, diminishing gradually 
upwards, so as to become awl-shaped or stdnilate. In a few in- 
stances ( Urtica) it is moniliform-, or like a row of beads. In other 
cases it is more or less expanded into a petaloid condition, as in 
Erodium ; in Campanvla it is expanded in this manner at the base. 
Ornitliogalum has the filament dilated in this way throughout. 
The dilated filament sometimes exhibits divisions : in Cramhe it is 
forked at the summit, the anther standing on one point ; in AHium 
( fig. Ah/.mun calycin >m., OrnitJwf/ahwi 7iutam, &c.. the fila- 

ment terminates in three teeth, the middle one bearing the anther; 
and in Allium sativum one of the lateral t eeth forms a kind of tendril. 

Branched Stamens. — hi some plants, as in Mallows^ some 
Myrtaceac, ITypericum, <fcc., the stamens are very numerous and 
are arranged in fascicles. The study of the development of these 
fascicles shows that they are originally single organs, which become 
subsequently divided or branched, so that the fascicle of stamens 
in such a case may be compared to a divided or compound leaf. 
Some of the divisions may be petaloid and sterile, others antheri- 
ferous. 

Appendages of other kinds are also met wdth, such as a pair of 
glandular processes, standing like stipules near the base, in Lau- 
racejB (fig. 233), a single spur in Bosemary ; while in Borago the 
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filament appears to arise on the face of a Bcale4ike body, and in 
Simaha and Larrea it stands at the back of an analogous scale. 

The scale-like organa situated at the base of filaments, or connected 
with fascicles of stamens (Tiliaee€e), are by some regarded as furnishing 
evidence for the doctrine of choruis ; but they are more probably merely 
barren lobes of compound stamens. 

The Anther — ^its parts. — The anther has a typical form, which is 
subject to very great modification in different cases. It corresponds 
to the microsporangium of some of the higher Cryptogams. A regular 
anther (fig. 223, h) is an oblong body, divided perpendicularly into 
two lobes ; the division is usually marked by a furrow on the face^ 
and a ridge on the bach (or dorsum). The central region, which is 
solid and represents the midrib of a leaf, is called the connective ; 
the hbes are hollow dilatations of the lamina, and contain the 
pollen. At each border, usually rather toward the face^ is often to 
be seen a vertical line, called the suture^ indicating the place where 
one class of anthers split open to discharge the j)ollen. 

Attachment to the Filament. — The anther is attached to the 
filament in several ways ; if the filament runs directly without 
interruption into the base of the connective, like the stalk of an 
ordinary leaf, it is said to be innate or basi/iaial ; if the filament 
runs up the back of the anther as it Mere, so that the latter is 
more or less free at the base, the anther is adnate or dorsifixed , ; 
if the filament is attached by a slender apex to about the middle 
of the back of the anther, the latter is versatile. In some cases 
the anther is pendulous from the apex ; it is then sometimes called 
apkijicvcd. In the* Tulip, the capillary point of the filament runs 
up into a conical pit in the base of the coniujctivo. 

Modifications. — The modifications of the anther result from various 
causes — from development of the connective, from the presence of ap- 
pendages, from variation of form of the antluT-lobes, and from special 
conditions of the internal cells ; and there are also important diflerences 
in the manner of bursting, or dehiscmce^ for Ihe discharge of the pollen. 

The Connective. — The connective is jiormally a solid rib, running 
up the middle of the anther. If the lobes of the anther extend 
upward or downward beyond it, the summit or base of the anther 
(or both) becomes emarginate. On the other hand, the summit of 
the connective is prolonged in a membranous form in Viola, and 
also in the Compositae. In Paris (fig. 22fi) the apex is lengthened 
into a point, also in Asarum, Magnolia, &c. ; in Xylopia into a 
fleshy mass ; in the Oleanders into a feathered process, &c. In 
two of the stamens of Viola the base of the connective has petaloid 
spur-like appendages ; and still more remarkable states occur in 
the Melastomaceap. 
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At other times the connective expands tranvsversely, so that the lobes 
become more or less vseparated j in such cases it may be o])ate^ orbkular^ ho,. 
{Melissuy the Lime-tree, &c.). This is especially the case wdth the lower 
part ; and examples may be found illustratin*^ this point, forming a series 
irom the state where the bases of the lobes are but slightly separated, to 
that in which they are inclined together at the summit at an angle of 
45° ( Vitvx) ; or, further, the bases are carried out and up till they are 
hijrizontal, as in Stachijs^ Pntrudla, (fee. ; wliile in other instances this 
goes so far that the connective grows out into two distinct arms from the 
summit of the filamcmt, b(*,ariiig the solitary anther-cells at the tips : in 
Salma (fig 227) one of the lobes is abortive, and represented byapetaloid 
plate. 


Fig. 228. 



Fig. 227. 



Fig. 22a 



Fig. 227- Stnmen of iSa/r/i/ with a hjilf-iUilhiT containing jto!lcii uinl tli cot.) icr half 
harr«iii, separated by the bifurcation «>f the eoiiueelive from the Huiumit of the 
filament . 

Fig. 22S, Group of ntamens with sinuate anthers, of the male flower of a Gourd. 

Fig. 22y. Stamen of Vacciuhun uliffinosum, with spur-like ajipendage and porous anthers. 


Anther-lobes. — The lobes of the anther are commonly oblong ; 
in the Grasses they are linear ; but they vary wdth the form of 
the connective, and are sometimes Innate or reniform. In the 
Cueurbitticeje they are remarkably convolnU^d {f^iauate.) into a flat 
scToU-like form (fig. 228). ISot unfrequtmtly tlu'v are attenuated 
upwards into free points, as in Vaecinium (lig. 229) : in the Me- 
lastomacea) the two lobes become confluent into a tubular process 
at the summit ; while appendages are occasionally met with at the 
base of the lobes, as in Erica (lig. 230), &c. 

Anther-loculi. — The lobes of most anthers exhibit internally 
four cells (theca^ or loculi) in the early stages of development, each lobe 
being divided into two by the septum extending from the connec- 
tive to the suture (fig. 231). The septum (the placentoid of Chatin) 
is more or less destroyed during the maturation of the pollen in 
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most cases, leaving the anther two-celled, or hilocvlar (fig. 232). 
In some cases the internal substance of the connective is likewise 
absorbed, producing a true unilocular anther, as in Alehemilla and 
in Malvaceae. In other cases tlie four cells are retained perfect, 


Fip:. 280. Fisr. 283. 



Fj};. -.'.II. Stamon of /•.>/. 

I i|;. 3ol . SoHion of an anther, its two lobes Htiil dividoil into two ocjIIh by the nepia reachinc 
from the eoi etive to the a 

o'oo* of « bil lar anther ( tin' 8»*|)ta have be(»n absorbed). 

ITig. Stamen of Xour( ^ a l-eelled anther with o|)erculardehi8eence, and 

two lobes at the base of the filament representing divisioiis of u compound 
stamen. 

as in the (7?fa(^rt?or?f?rer anthers of whert^ they are parall(.*l, 

and of some Lauracejw where iliey become ohlupie so that tlio 
summits are all turned towards the face. di nddinte unilocular 

anthers of Gonqdu'ena and Saltda are so calhMl from being only 
halves of anth(‘r.s in which one IoIh^ is abortive or sujijiressed. 
Anomalous one-celled anthers occur in Pobfijala, The unilocular 
lateral anthers of the diadelphous stamens of Fuinariacesb are 
dimidiate. 

Dehiscence. — When the anlhers are mature, the cells or loculi 
discharpje the pollen. This dehiscence takes place in 
dinerent ways ; it may be safural, porous, or opercvlar. Sutural 
dehiscence is the opening of the walls by splitting down vertically 
at the^ sutures, which may be e.rtrorse, introrse, or lateral (see 
P* ^ transverse slit is formed in the unilocular anther 

ot Alchemillci^ \w Lavandula, and in Lenina. Porous dehiscence 
]s where dtjfinite orifices are t'orined at some point of the wall 
/fi o<x summit in Solanum, Ericacem 

(ngs. 2.-J, 23<j), <fec. Opercular dehkcenee results from the partial 
separation of a portion of the wall of the loculus, in the form of 
Berberry, where the front of each cell splits 
on at the sides and base, and turns back as if hinged at the top. 
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In the LanraceaB (fig. 233) we find either two or four little lids of 
this kind, opening the two or four cells of the anthers. 


If the anther he considered the equivalent of a leaf with infolded 
margins, then the groove between the two lobes would represent the 
margins of the leaf ; but there is reason to suppose that no sucn infolding 
really occurs, but that two pollen-sacs are Ibnued on either side of the 
connective without any involution of the margin. 

Stamens of Gymnosperms. — The stamens of the Gymnospemiia 
present remarkable conditions, which require separate* notice. 

Amongthe Ooniferte (see that order) the stamens of constitute the 
entire male flowers, aud are conjoined into male cones, each anther forming 
a scale of the cone ; they are bract-like plates, bearing on the lower face two 
parallel anther-lobes (bursting longitudinally or irregularly), beyond 
which the connective extends more or less as a scale-like process. In 
CuprcMiis the ibrm of the anther is excentrically peltate, the lobes, three 
or lour iu number, standing under the overhanging connective ; and it is 
similar iii Juniperus and Thuja, In Taxm the peltate connective is more 
symme-trical, jind radiately grooved above, having from tliree to eight 
vortical anther-lobes beneath : some authors regard this as a group of 
monadolplious stamens. ^ 

In the Cycadacofc (for illustration see that order), where the anthers are 
scattered in large numbers over the lower face oi' the scales of the male 
cones, they occur moslly in the form of groups of four simple anther-lobes, 
with longitudimil deliiscence and arranged in the form of a cross. These 
are mostly described as parcels of imilocular anthers. 


Number of the Stamens. — The stamens, taken collectively, 
present a number of characters, \vhi(;h have received technical 
names. Ihe number of stamens in a flower is indicated by the 
terms mon-androas, di-androas, &c. ; when more than twelve exist 
the tern is employed. Ujiou the number of the 

stamens the Linnean classification was partly founded. When 
the number of the stamens is equal to, or some multiple of, the 
nu^mber of P«^l« m the corolla &c., the flower is isostemonous ; 
when the number is diterent (as in Scrojihulariaceu) &c.) the flower 
IS amsostemomms. When there is one whorl of stamens in the 
normal position, the terra haplostemonons is employed; diphste^ 

^ ““ter superposed to the 

Eelative len^h.— Two cases of inequality of length of the 

ftrS condition 

(fi^s. & ^3o), when there are two pairs of stamens, one nair 
longer than the other, characteristic of many irregular Monope- 
talous flowers (Ubiatas, Scrophulariace®, &c.); and 
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(fig. 236), when there are four long stamens and two short ones, 
characteristic of the Crucifer®. When the stamens are of unequal 
length in the same flower, or in diiferent flowers of the same 
species (e.^r. Primrose), the condition is called dimorphic, and has 
reference to the mode of fertilization to be hereafter mentioued. 

The term included is employed to denote that the stamens do 
not reach beyond the corolla ; exserted, that they are protruded 
from it ; while declinate means that the exserted stamens are all 
curved over to one side. 

Cohesion, etc. — I’he stamens are subject to apparent confluence 
or cohesion, like the other organs. If tlie lilaineuts are only 


Fig. 234. 



Fig. 235. 


Fig. 23G. 




Fig. 2;V1. Corolla of Glechoina, laid op«'n to hViow the didynamoxis Btamens. 
l^ig. 2:5r). Corolla of iJigUalia, laid ojie.n to show tin*. didynanioUH stainens. 

Fig. 236. I'ctradynaniouB stamens oi the Wallflower surrounding the pistil, the floral enve- 
lopes being removed. 

partially sepai'ated so that they form a tube surrounding the 
Fie. 2;ja 



Fig. 237. Monadelphous stamens of MnJm. 

Fig. 238. Dladelphous stamens of Leguminosee. 

Fig. 239. Ground-plan of a Papilionaceous flower with diadelphous stamens 9 + 1 (the 
little circles round the solitary carpel). 

Fig. 240. Triadelphous or polyadelphous stamens of Hypericum ceyypliaeum. 
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style (or a column in a staminate flower of a diclinous plant) 
(fig. 228), the stamens are rnonadelphous (fig. 237), as in Malvaceae, 
Camellia^ &c. In Pumariaceae they are coherent into two equal 
parcels, while in many Leguminosae, of ten stamens, nine are united 
together and one free : these states are called diadelphous (figs. 
238 <fe 239). In Hypericiu^e® we have triadelphom (fig. 240) and 
pentaddphom states ; but these, as also the state in Aurantiaceae 
and various Myrtacefc, are generally denominated polyadelphous, 
and are instances of branched seamens (p. 120). 

Synyenesious signifies that the filaments are free, but the anthers 
coh(^reiit (fig. 241 ), as in Compositjc and Lobeliaceie. Gymndrous 
indicates conlluence of stamens and pistils, such as occur in 
Orchidacem, i\scl(‘piadac*ejc, AnMoloehia, &c. (fig. 242). These 
terms, tog(ither \A'ith those descriptive of adhesion {periyyiious, 
epifjytious, tfec.), have already been explained, as also the meaning of 
the words moin^.mms, dhndoits, &(*. 


Fig. 2 11. Fig. 242. Fig. 243. 



Fig. 241. Syngt^rn^sioiiB stamens of Compoaitnp: a, the anthers surrounding the style as a 
sheath ; ft, the anthers ren»ov«d and H}»read out, showing the free filamonts. 

Fig. 242. Beet.ion of the low'er part of the perianth of Ari*to1orhi<i, springing from tlie top of 
the inferior ovary. In the cavity of the periantli is seen the style, with the 
adherent anthers upon its sides. 

Fig. 243. Clavat«‘ pollen-muss of Orchin, prolonged below into a can dieZa, by which it attaches 
itself to the roniellwn of the stigma. 

Direction of Anthers. — Usually what is called the face of the 
anther is turned inwards towards the ovary, and it is then said to 
L»e introrse : but sometimes the reverse state exists, and the face is 
turned towards the floral envelopes, as in lianmmdus, Colchicum, 
&c., when the anthers are termed extrorse. Frequently the direc- 
tion changes during the expansion of the flower, as in versatile 
anthers. (See also under Dehiscence, p. 123.) 

Pollen. — The pollen, discharged from the anthers, consists in 
almost all cases of a fine powder composed of microscopic grains 
or cells corresponding to the microspores of the higher Cryptogams; 
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the form and appearance of the grains vary much, and will be 
spoken of hereafter. The pollen of the Asclepiadaceee and Or- 
chidacea), however, has a great peculiarity, in remaining perina- 
nentlv coherent into masses, oftoii of a waxy character. J.n 
OrcliidacesD the pollen-masseit or po/Zinm are either single in each 
loculus of the anther (as they are in Asclepiadacem), and then 
often furnished, as in OrcJiis &c., with a stalk-like process, called 
the caudicle (tig. 248), terminating in a gland-like base {retina’- 
ciduiii), by which they readily adliere to tlie stigma or to foreign 
bodies, such as insects ; or the polliuin are two or four in each 
loculus, and devoid of a caudicle; sometimes the poll uda are nume- 
rous, and form merely a loose granular mass. 

The external chavactera of the pollen-grains, tlieir structure, and sub- 
sequent history will be treated of m the Third Part of this work, as they 
heh)ng to the niieroseopi(i aiuitoniy slid the Physiologj^ of I'lants. I'ho 
form ol’ the pollen-grains is genenilly constant in tlie same plant ; but 
great variations are ofUm found witliin the limits of Natural OrdcTS and 
souH'times in the same genus, so that, excepting the Orehidacem and 
Asclepiadacem, and a fe.w other gr(>ups, they aui not tf> bo ndied on as 
a Hording any very useful cbaracbTs in Systcmuitic Botany. Their size, 
foj’in, and numbers are apparently in relation to tboir mode of dispersion 
by the wind or by insects. 


The Gyncncium or Pistil. 


Carpels. — The central essential 
pistil., consist, like the outer parts, 
of phyllomes or modified leaves ; 
these constituent leaves are called 
carpels. The peculiar character 
o£ a carpel is, that it produces 
ovules, the rudiments of the seeds 
— usually upon the margins, but 
occasionally on otljer parts of the 
inteimal surface. In the Gym- 
nospermia these ovules are deve- 
loped upon the edges or surface 
of expanded carpels. In the An- 
giospermia, comprehending the 
great majority of Flow^ering 
plants, the carpels are folded up, 
either singly (fig. 244) or collec- 
tively, with the margins turned 
in so as to place the ovules in the 
interior of a hollow case. The 
case thus formed, enclosing the 


organs of flowers, composing the 


Fig. 244. Fig. 246. 



Fig. 244. Simple pistil of Pruntut, consisting 
of a single carpel : a. the ovwty ; c, the 
9tyle ; h. the stigma. 

Fig. 246. The same, opened, to show the 
ovule within the ovary. 

Fig. 246. Cross section of the carpel of 
JVunus, showing that the ovule arises 
from the placento at the confluent 
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ovules^ is called the ovat'y (figs. 244 & 245, a, a ') ; the upper part 
of the carpel is frequently attenuated into a slender column called 
the style (c), at the extremity of which is a terminal glandular oritice 
or stiyma (6, 5), the borders of which are often more or less thick- 
ened or developed into processes of various kinds. Sometimes the 
stylar prolongation does not exist ; and then the stigma is sessile 
upon the ovary. 


The pistils are undoubtedly formed of carpels (carpellary leaves) in 
most instances. In some cases th^ appear to he formed by an expansion 
of the receptacle or axis of the flower, as in lypha and Naias ; while 
their structure and venation are in some cases neither those of a leaf nor 
of an axis, but, as it were, intermediate between the two. 

Fhyllody- — The foundations of the doctrine that the carpels are 
inetamoij)hosed leaves rest upon a very wide basis. The following 
observations include examples of some of the most important classes 
of proofs : — 1 . The carpel ordinarily possesses more of the character 
of a true leaf, as regards texture and colour, than the stamens or petals 
— approaching to the sepals, which we have seen to pass insensibly 
thmugh the bracts into ordinary leaves. The resemblance is sometimes 
heightened during the development of the fruit, as we see in the legumes 
of some species of Cassia^ and still more in the bladder-like pod of 
Coluiea, 2. Abundant examples exist of the substitution of petals for 
stamens and pistils in abnormal flowers,- and an almost equally common 
monstrosity consists in the substitution of isolated stunted green leaves for 
the carpels. In the Double Cherry, cultivated in shrubberies for the sake 
of its blossom, the stamens ai-e generally replaced by petals, while the 
centre of the flower is mostly occupied by a pair of green leaves. (The 
single, fertile Cherry frequently has two pistils developed instead of 
one.) In a common monstrosity of the White Clover, the pod is usufilly 
replaced by a more or less perfect green loaf,* the same occurs in garden 
Hoses, where tufts of green leaves replace tJie pistils aud, in fact, 
examples of this kind arf* very abundant. 8. The more or less stunted 
green leaves which represent the carpels in the above-mentioned monsters 
Irequeiitly exhibit on their margins structures varying in character from 
almost perfect nidiineiits of ovules to cellular papillj© and leafy lobules. 

1 his IS observed in the monstrous Clover, and has been especially remarked 
also in monstrous flowers of cultivated (forced) Tulips, of various Cruci- 
terae, Jianunculacea?, Scrophiilariaceae, &c. The abnormal conditions in 
these cases are analogous to the normal condition in Coniferfe and Cyca- 
ue?e, the Giannosperins, where the ovules are always naked on open 
carpels. 4. The production of ovules on the margins of carpels is an^o- 
gous to what IS seen in the development of adoentiUous buds on vegetative 
leaves, as in BpophyUmn, ke. 8uch buds, however, occur sometimes on 
upper surface ot leaves ; and we And some carpels, as in NymphcBa 
ButornuSy &c., with ovules developed more or less extensively over the in- 
teraalface. 5. iiie disposition or arrangement of the vascular bimdles 
IS usually that of the leaf, not that of the branch. 0. The structure de- 
velopnient, and mode of growth generaUy are those of the leaf and' not 
of the branch. E.xceptious, however, occur to the last two statements. 
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Placenta, Sutures. — The region of the carpel whence the ovules 
arise is called the placenta ; and when in Angiospermous flowers 
the placentas are clearly and distinctly marginal, they must of 
course be doMe, from the meeting of the two edges ; the same is 
true of the stiff matic surfaces. The line of union of the margins 
of carpels constitutes the ventral suture : the line corresponding to 
the midrib of the carpellary leaf is the dorsal suture. 

An excellent example of a simple typical pistil formed of a single carpel 
is afforded by the legume of the Leguminosae j as, for instance, in the 
Sweet-pea, where we find the ovary, with a ventral and dorsal suture, 
narrowed above into a short slender style, terminating in a slightly 
enlarged stigma. Wlien we open the ovary, in the way it is broken in 
shelling peas for the table, we find the placentary margins separated at the 
ventral suture, each carrying away half the ovules, demonstrating clearly 
the double character of the placenta. 

Modifications. — Pistils differ extremely in different plants, from 
dissimilarity in the number, degree, and mode of union of the car- 
pels, as well as in the relative degree of development of the different 
regions of the carpels, and with these may be associated the pecu- 
liarities arising from adhesion of the outer circles. 

Numerical relation. — The number of carpels is most frequently 
less than that of the organs in the outer whorls, being very fre- 
quently reduced to two, and often to one. On the other hand, 
multiplication of the number is met with in certain Orders, where 
the receptacle is generally more or less enlarged to make room for 
them. 

A large portion of the Gamopetalous Dicotyledons, with a quinary ar- 
rangement of the calyx and corolla, and often of the stamens, have dicarpel- 
lary pistils, as Gentianaceae, Apocynaceae, Solanacoae, &c. Leguminosse 
with quinary flowers have a solitary carpel. The agroeinent of the number 
of carpels with the other organs is almost universal in the ternary flowers 
of Monocotyledons, as in Liliaceu), Iridaceae, Orchidaceae, &c. Multiplica- 
tion of carpels is especially frequent in the llanunculacese, Magnoliacese, 
and some other Orders. 

Apocarpous Pistil. — In the typical pistil above described, and 
which really exists in Leguminosae (for instance), the organ, being 
composed of one carpel only, is simple, A carpel may be solitary 
in a flower, from suppression of the remainder of the circle ; or 
there may be in the same flower several distinct, i, e, uncorabined, 
carpels, as in Larkspur, Aconite, Mafjmlia^ Ranunculus^ Fragaria, 
&c, : in these cases the terms multiple pistils is occasionally used, 
or we may say carpels distinct^ three, five, or numerous, as the 
case may be. The term apocarpous pistil includes both the solitary 
carpel and the multiple pistils. In the case of multiple pistils, 

£ 
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where the receptacle is flat the carj>eis are in whorls ; but if the 
receptacle is elongated the carpels are arranged sjnrally^ as in 
Magnolia, 

SyncarpouB Pistil. — Where, as very frequently happens, the 
carpels cohere together, as the stamens do in the condition called 
inonadelphous, a syncaiyous or compound pistil is formed ; and as 
the caqxils occupy the apex of' the r(H.‘eptacle, they do not form an 
open organ, like the tube of filaments in Malva for example, but 
a closed case, appearing externally like a solid body, mostly with 
ridges and grooves on the outside, indicating its compound nature. 

The union varies very much in degree ; even in multiple pistils we find 
the carpels sometimes cohering strongly while young, and separated only 
as the seeds ripen; and in true compound pistils the union does not 
alwava extend to the summit of the ovarian region, as we observe in the 
Saxifragacejc, where the apices of the ovaries diverge. Moi*e frequently 
the ovarian n^gions are firmly coherent; and then the styles may he 
wholly frcio — Pink, Silene (fig. 17o), Jlypt ricum, &c. ; or united part of 
the way up, as in some Malvaceae (fig. 247); or entirely, hut with the 
stigmas distinct, as in Geranium^ &c. ; or the stigmas may also he con- 
fluent (Primulacem, Solanaceae, \’C.). Soimdimes, however, the styles or 
stigmas oxhiliit the rtwerst? condition, and are split into two parts, as in 
the styles of IJroscra, Euphorbia, &c. 

Adhesion. — The eoiKlitions arising from adhesion or want of se- 
paratioji have been referred to already, under the names of superior 
or inferior caly.v or ovary. The condition depends on this circum- 
stance — whether the vascular buiulh's for the carpellary whorl are 
detached at once from the axis, or whefJier they are held together 
by a sheath of cellular tissue for a time before becoming detached. 
They are alnays associated wdth cohesion when more than one 
carpel exists. 

The styles, when the ovary is inferior, are either coherent, as in 
Iridacem (fig. 2(50), or distinct, as in the Unibelliferfe (fig. 172) and Riibia- 
etjae. In fSaa ifraya (fig. 171), and in some other cases, the ovary is half- 
inferior. When the stamens are consolidntt'd vdtli the pistil, the yynan- 
drom condition is produced. In Orchidacem the filaments are inseparable 
from the style, forming a column surmounting the ovary; in Asclepia- 
daceaa the anthers adhere to the summit of the free compound style ; in 
Aristolocliiaceae the fihiments apparently adhere to the base of the com- 
pound style (fig. 242). (JSee under Aristolucliiacea\) 

Compound pistils are sometimes smooth and even on the out- 
side, showing no sign of their compound nature, as in Primula, 
&c. ; in other cases they exhibit more or less deep furrows at the 
lines of junction, sometimes dividing them into lobes. But the 
internal structure of the ovary generally indicates the number of 
carpels entering into its composition very plainly. 
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Multilocular Ovary — Placentation. — When the carpels are firmly 
and organically united by the surfaces of contact, we obtain the 
type of a vonipound multilocular or mauy-ccllcd ovary (fig, 248)*. 

Fig. 247. 



Fig. 247. Ovary, etyles, and stigmas of Malva. Pig. 249. 2-oolled ovary of JAUum. 

Pig. 248. 2-celled ovary of Scrophiilariaci^je. Fig. 2.'>(). .‘Ueelled ovary of Commelyiui. 

Pig. 2.51. 4-oellod ovary of Fuchnia. 


Ill these cases the sides of the constituent carpels are folded in- 
wards, so as to meet in the centre, and thus form partitions be- 
twe(in the chambers or locnlL The ])la(;ental margins of the 
infolded carpels are retrotlexed, constituting central or axik pla- 
centas. The partitions are called (lusepmientii^ and are necessarily 
double, being composed of the conjoined side-walls of contiguous 
(*arpels. In such ovaries the dorsal sutures are in the outer wall, 
while the ventral sutures meet in the centre (tig. 248). 

Examples of this kind of ovary are furnished by Liliacem (fig. 240) 
and many other Monocotyledonous order.s, by lOricaceje, Solauaceie, Scro- 
phulariaceie, «fec. In some cases the ventral sutures and })lac(*ntas are not 
directly confluent, but adhere to a central prolongation of the receptacle 
running up between them, as in Geraniacom (tig. 27t)), &c. 

Fiihe or ajmriom dimynmvnts occur occasional^ both in compound and 
simple ovaries, consisting of membranes or plates developed from the pla- 
centa or from the dorsal suture, and siihuividing the originally single 
cavity formed by individual carpels. Thus in Lirtum the 5-carpellary 
ovary would liave live loculi, were it not that a spurious dissepiment 
extends inwards from the dorsal suture to the placenta in each loculu.s, 
and divides the ovary into ten loculi. In Astraffaliia (tig. 252) the simple 
ovary is divided by the inflexion of the dorsal suture, and in Datura 
Stramonuwi a false septum is formed in each of the loculi of the ovary. 
The transverse false septa found in various Leguminous ovaries, such as 
Cathartocarpm &c., are likewise outgrowths from the walls of the carpel, 

XTnilocnlar compound Ovary, — If the carpels are not inflexed, 
but cohere by their contiguous margins, they form a hollow case 

* The term cell, though commonly used, is objectionable^ as leading to confu- 
sion with the cells which make up the tissues of tlie plant. On this acojuut the 
word loculus is preferable. 
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vnik OBly a single cavity ; and as the lines of junction of the car- 
pels are on the outer wall, the placentas must stand inside those 
lines ; in this way is formed a unilocular compound ovary with 
parietal placentas (figs. 253-255). There are no dissepiments ; 
and the ventral sutures, alternating on the outer walls with the 
dorsal sutures, are, in such cases, like the placentas within, formed 
of the confluent margins of two different carpels instead of those 
of the same carpel. 

We find almost every possible degree of transition between the parietal 
and the axile placentas^ according as the placentiferoiis margins project 
more or less into the interior of the ovary. True parietal placentas are 
found in Violaceoe (fig. 254), Gentianaceae (fig. 253), Cistacea? (fig. 255), 
&c. In Papaverwe have the margins turned-in so as nearly to reach the 


Fig. 252. 



Fig. 2/52. a, legume of Antragnl'us ; A cross Fig. 2/>3. Ovary of Grontianace®. 

section, shf>wnig a false climt'piment formed Fig 2/sl. Ovary of Vwf/n. 

by the inUt'xiou of the suture. Fig. 255. Ovary of Ci»ttig. 


centre (as ii]ip(5rfoct dissopinieiifs) ; in some irypo) icaee?.*c (IL yraceolrns) 
tJie originally axile placentas become pari(4al by stparation during the 
ripening of the fruit, while in Ciicurhitaccie the originally distinctly 
parietal, although greatly indexed, margins ultimately cohere so as to foriii 
an axile placenta.- 

Ill Crucifera) we liave an niKunalous condition, where there are two 
double parietal placentas, but from the central line of each projects a plate 
passing across the cavity and forming a kind of spurious septum, called 
a replum ; so that each cell contains only the two half-placentas formed 
by its own margins. 

Free central Placentas. — In some Orders, where the walls are 
as in the unilocular compound ovaries above described, the placentas 
are found as a free column or expanded mass in the centre of the 
common cavity. This forms the compound unilocular ovary with a 
free central placenta . In PrimulacesD, 8antalacea% and some other 
Orders, where this kind of placentation occurs, the placentas are 
free from their very earliest state, and are seen to be direct pro- 
longations of the receptacle or axis within the carpels. 
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The appearance of a free central placenta is presented in Oaryophyllaceaa 
by the obuteration of the partitions which pass between the outer walls and 
the centre of the carpels. 

By Baillon a peculiar process from the placentas over the ovules is called 
the obtu 7 'ator j it is very conspicuous in Euphorbiaceee. 

Various modes of Placentation. — ^The placentas have been spoken 
of as double^ on account of their origin: where only one ovule 
exists in a cell, it is assumed that one at least is suppressed ; but 
this other is not uiifrequently developed in the Cherry, Almond, 
&c. (causing the double kernels). In Leguminos® the double pla- 
cental base is so narrow that the ovules are placed one over another, 
and form what appears like a single line. In Larkspur, Columbine, 
Ac. there is a distinct double row ; in many cases each placenta has 
a double row of ovules ; while axile placentas are frequently thiek- 
eiK'd and enlarged, so as to bear a large collection of ovules, closely 
packed. In Jt^dpaver the ovules exist all over the imporlect se])ta ; 
in Nymphmi all over the sides of the dissepiments, and not at tlie 
'niaryim ; in Butomus all over the inside of the carpels, &c. Where 
ovules arise from the base of a carpel, eithe^r singly or in larger 
numbers, the placentation is called basilar ; it is in most cases a 
slight moditicatioii of free central. 

The Style. — The styles require no particular notice beyond the 
statements already made, except in regard to their irregular posi- 
tion ill some cases. The style is really produced from the apex of 
tile carpel ; but in various Jiosace:D the ovarian part of the struc- 
ture grows faster and so disproportionately that it leaves the style 
on one side {lateral) {Frayaria^ fig. 256), and sometimes even grows 
out and up so much that the style, them called basilar, seems to 
arise from the base {Alehemilla), In the BoraginaceaB and J iabiata 3 
(fig. 205) a similar condition of the styles exists in a compound pistil ; 
the styles in these plants are coiifiuent, and arise as a solitary column 
from a deep depression in the centre of the 4-lobed ovary, com- 
municating with the cells ncjar the base as in the Bosaceae referred 
to. These styles of Labiataj are called yynobasw, A dimorphic 
condition of the pistil especially affecting the length of the style is 
met with in some flowers, e. y. Primroses, some of which have short, 
others long styles, as explained under Pertilization. 

The Stig^ma. — The stigma is either situated at the end of the 
style or, where this structure is wanting, it is sessile on the ovary. 
Instances of sessile stigmas are furnished by the compound pistils 
of Papaver (fig. 262), Nymphajaceie, Ac., where the stigmas form 
radiating ridges on the top of the flattened ovaries. The elongated 
stigmatic surfaces on the inner sides of the beak-like points of the 
simple pistils of lianumulus and allied plants are almost to be 
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called sessile stigmas ; and these form a transition to the long 
stigmatic ridges which extend down the inner sides of the styles 


Fig. 2 r.fi. 



Fig. 267. Fig. 268. 



Fitr. Lateral sty 1ft of Frttgarin. 

2r)7. Pistil of a fxrass, with feathery stigmas. 
Fig. 2r>H. Pistil of a Gtrass, with penicillate stigmas. 
Fig. 259. Stigmas of Crocus. 


of most Caryophyllac^eaD. When it is properly terminal it exhibits 
a great variety of conditions, both as regards composition and 
structure. Its form is sometimes associati^d with the method of 
fertilization by insects or otherwise, as afterv^ards explained. 


Fig. 2m. 



Fig. 260. section of flower of 7m, the style terminating in erect petaloid stigmatic 

Fig. 261. Female flower of Cunfmh s.^Hvvs, with a short style and lobed stigma 
Fig. 262, Ovary of Fapaver, with radiate sessile stigmas. ® 


It has been stated that the styles of compound ovaries are often distinct ; 
the stigmas are also often distinct on compound styles, indicating the 
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number of constituent carpels. Moreover these distinct stigmas are occa- 
sionally split down into two amis {st/iymata hiitruHd)^ corresponding to 
the two placentas below : the one-celled ovaiy of Grasses and Uomposit® 
(dg. 2tUj bears a two-armed stigma ; and the stigmas of the compound 
ovaries of Eitphorbin and some Droscrce are double the number of the 
carpels. Sometimes the distinct arms of different carpels cohere, and 
form stigmas equal in number to the placentas, but alternating with them. 

Form and Position. — Stigmas, simple or compound, when distinct, 
are either terminal or lateral : in the latter ease the stiginat-ic sur- 
face is on the ventral sidi>. Their form is generally shmder and 
thread-like, with a glandular stigmatic surfacje ; but in the Grasses 
the stigmas are feathery (tig. 257) or pmicillate (fig. 258); in the 


Fig. 2G8. 




Fig. 2R3, Flower of Liizula, with one style and filiform stigmas. 

Fjff. 2fi4. Linear stigmas of Composite }>lant, with papillose surfaces. 

Fig. 2»).5. Ovary of Colufea, with style and Uiteral sfigma. 

Fig. Open carpel of Finuft^ with two naked ovules at the base. 

Fig. 267. Young female blossom of Junipenigt with the front carpel remorod, showing the 
naked ovules. 


IridaceoD they are petaloid (fig. 259) or very much enlarged, as in 
7m (fig. 2G0) ; and in other cases they are capitate (fig, 250), 
lohed (fig. 201), peltate, radiate (fig. 2iS2\ jiliform. (fig. 203), linear 
(fig. 204), &c. in Leguminosae the stigmatic surface of the simple 
style is lateral (fig, 205). 

The orifice of stigmas leading to the canal of the style is more or less 
filled by the glandular and capillary processes which" clothe their sur- 
faces; and, indeed, to the naked eye, the canal of the style does not 
appear pernieable. 

G^nmospermous Pistils. — The pistil of Gymnospermous plants 
consists of scales or open carpels, collected into cones, bearing exposed 



136 


MOKPHOLOaX, OE OOMPAEATITE AEATOMT. 


ovules, SO that no representative of the stylar or sti^jatic regions 
exists here. Among the Coniferje, Pinm and its allies have scale- 
like carpels with a pair of ovules on the upper surface, at the base 
(fig. 266) ; the structure is analogous, although the form of the 
scale differs, in Thuja ; the Cypress has peltate scales, with nume- 
rous ovules ; in Juni/perm each of the three scales has only one 
(fig. 267). In Taocus the ovule is a solitary structure, a. kind of 
free ovule, growing out from the apex of a small cone formed of 
barren scales. In the Cycadaceac, Cycas has large leaf-like car- 
pels, with numerous marginal ovules; Zamia has pelt aie scales, 
more like Cupressus, with the ovules pendent from the thickened 
summit. 

jBv some authors what is above described as a naked ovule is thought 
to be an ovary (see under Gy innosperms). 

Sect. 10. PEODUCTS OF THE Essentjal Oeoans of Elowejis. 

Ovules. — Ovules are the rudiments of seeds, and arise from the 
placentas situatc^d in the ouiries of Angiospermoua plants (figs. 
253-2o5), and on the margins or surface of the open carpels of 
Gymnospermia (figs. 200, 207). They originate as cellular papilla) 
at an early vstage of development of the ovary, and acquire a definite 
form and structure by the time the flower expands. 

Ovules are by some observers regarded, in part at least, as a kind of 
hud; for not only do they appear in the positions occupied by adventi- 
tious buds on vegetative leaves, as in Bryophyllmn, hut abnonual leaf-like 
caipels often hear bulb-like structures and foliaceous lobes, iu place of 
the ovules, on tlieir free margins. Py others tliey are considered, at 
least so far us their outer coat is concimied, to be modified leaves or 
portions of such leaf. In must cases they originate from the margins 
or surface of a carpellarv leaf ; hut in some cases they originate from 
the axis (free central plac( fdation), and are then either lateral or 
terminal, as in Piperaceae, where the end of the axis becomes the 
nucleus of the ovule. Other illustrations are afforded by 'Taxus and 
Polyyonum, 

Kumber. — The number of ovules in the ovary, or in one cell of 
a compound ovary, varies between wide limits. Thus the ovule is 
solitary in the simple ovaries of Banuncxdus^ Prunus (fig. 245), &c., 
in the compound ovaries of Polygonaceae &c., and in each cell of 
the bilocular ovaries of the Umbelliferse &c. ; the number is still 
small and definite in the simple pistils of many Leguminosas, in the 
cells of the compound ovary of Quercus, &c. ; in a very large pro- 
portion of compound ovaries, whether unilocular or nmltilocular, 
the ovules are very numerous on each placental surface, and they 
are termed indefinite^ as in Primula^ Papaver^ &c. &c. 
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FtmicTilTis* — fully developed ovule is usually attached to the 
placenta by a short stalk, calM the funiculus^ podosperm, or umhi- 
Ikal cord ; where this stalk does not exist, the ovule is sessile ; in a 
few cases the funiculus is very much elongated (Plumbaginaceac). 

Relative Position. — Special terms are used to indicate the posi- 
tion occupied by ovules in the ovary, and more particularly their 
direction. If the placenta is at the base of the ovary, and the 
ovule, springing from that situation, points upward, as in Polygo- 
nacea3 and Compositaj, the ovule is called erect ; if it is attached at 
the summit, and hangs straight down, as in the Birch, Dipsaceu), 
&c., it is suspended ; w’^hen the placenta is central or parietal, the 
ovule may turn upwards and be ascending^ may point straight out- 
wards or inwards and bo horizontal^ or may turn downwards and 
be pendulous. In Pluinbaginaceae the ovule is suspended from the 
end of a long funiculus, which arises from the base of the ovary as 
in the erect condition. 

Where immorous ovules exist on a central placenta, it is very common 
to hnd the upper ones ascending, the niiddhj horizontal, and the lower 
pendulous, so that the direction becomes indelinite. 

Parts of an Ovule. — The ovule arises from the placenta as a 
conical papilla, which soon becomes elongated into an oval body, 
th(i nucleus^ raised on the sialk or funiculus. By the time the 
flower opens, the nucleus (figs. 208-270, d) generally becomes 
cover(‘d up by the coats or envelopes, which originate as circular ridges 
from the point wdiere the funiculus is attached, and gradually grow 
up over the nucleus. The coats do not completely close in the 
ovule, but leave an opening at its summit, called the micropyle or 
foramen (figs. 208-270, h). The base of tlu^ nucleus, where the 
coats arise, is called the chalaza ; the internal coat (the secundine 
of Mirbel) is the? first formed ; it is denominated the inteyunientum 
internum, or the tcymen ; where only one coat exists, it is called the 
integument am sinipUr, The outer coat, which grows up after the 
inner (the primine of Mirbel), is calhd the inteymnentum externum, 
or sometimes the testa. Sometimes, as in Welwitschia, the primine 
is prolonged beyond the apex of the ovule in the form of a tube 
greatly resembling a style (see under Gnetacese). The orifice named 
the micropyle forms a canal passing through both coats down to the 
point of the nucleus ; and the portions passing through the outer and 
inner integuments are often called, respectively, the exostome and 
endostome. The point where the seed afterw'ards breaks away from 
the funiculus is marked by a scar, which is called the hilum. 

In the Mistletoe the nucleus is naked, no coats bein^ formed ; in many 
cases there is only one coat ; most ovules of Monocotyledons have two. 
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The coate of the ovule are usually regarded as foliar in their nature, the 
nucleus as axial — by others as a “tiichome” or superficial emergence 
from the foliar coat of the ovule. The nucleus may be regarded as the 
equivalent of a macrosporangium among higher Cryptogams. 

The above is a description of the ovule of what may be called the normal 
form, such as we find in Polytfmumj kc . : where tne nucleus is straight 
and the micropyle is at the end opposite the attachment of the funimUus^ 
and the chalaza next j)Iacmtaj such an ovule is called straight j or, more 
technically, atrojwus or orthotropous (fig. 2i)8). 

Inversion and Curvation of the Ovules. — Very frequently the 
funiculus grows in a state of confluence with the outer integu- 
ment, during the development of the ovule, so as to push up the 
base of the nucleus until it is completely inverted (fig. 2(19), and 


Pig. 208. Fig. 269. Fig. 270. 



Hiugrammatlu vertical Bections of ovules: tlu* nucleus; h, the micropyle; c, clialaza; 

<2, rapbe. 

Fig. 2a8. An utropous or orthotropous ovule. 

Fig. 269. An anatropous ovule. Fig. 270. A campylotropous ovule. 


the micropyle (A) points to the placenta, while tlie chalaza (c) is at 
tlie opposite end, the nucleus being straight as in orthotropous 
ovules ; this is the inverted or anatropous condition (Coinposita% 
Ifiliacem, &e.) ; and as the funiculus is confluent with the outer 
coat, the Inlum (tlie external point of jiinciion of \\\q funiculus with 
the body of the ovule) is left in its original ])osition, and therefore 
close beside the inverted micropyle. The adherent portion of the 
funiculus often forms a kind of ridge extending from the hilum to 
the chalaza : this is termed ihe rajdie (fig. 269, d). Other ovules 
become anatropous not by reflexion, but by unequal growth. 

The inverted ovule is a straight ovule with a long funiculus confluent 
with the outer coat : in Fumana (Cistacea) the real condition often 
actually illustrates this ; and in seeds formed from anatropous ovules the 
raphe sometimes separates {ZygophyUmn, WUldenovin), 

The position of the raphe with reference to the ovule varies in diflerent 
cases; sometimes it is ventral^ or on the side of the ovule nearest to the 
placenta, sometimes dm'sal, at other times lateral. 

A curved or campylotropous ovule (fig. 270) is formed by the 
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bending over of the nucleus upon itself in the form of the letter XJ, 
carrying the microjryle (h) over, but leaving the clialctza in its natural 
vicinity to the hiluin. There is no raphe in such ovules. 

Another condition more rarely met with is the horizontal or 
amphitropous ovule, intermediate between straight and inverted, the 
adherent funiculus pushing up the chalaza at one end, w’hile the 
inicropyle descends in a corj^esponding degree, until the axis of the 
ovule becomes horizontal, and parallel with instead of at right angles 
to the placenta. 

In the first instance all ovules are straight, but they mostly become 
curved during the course of their development. 

The Embryo-sac. — At the time when the flower expands, there 
exists a more or less considerable sac or cavity excavated in the 
substance of the nucleus, the upper end of which sac is situated 
just within the apex. This cavity is called the embryo-sac^ being 
really a sac or DUg with a proper wall, w ithin which the embryo or 
rudiment of the future plant is developed after fecundation. It is . 
analogous to the macrospore of Cryptogamous plants. 

The phenomena of fecundation and of the early development of tlie 
embryo, together with the niiimtim of the anatomy of ovules, are reserved 
for the Phy siological part of this work. 

The further morphological peculiarities of the ovular structures will 
fall best under the head of the seed or completed product, previously to 
exauiining which we must follow out the ultimate history of the pistils 
and associated organs forming the fruit, in which the ripe seeds are 
found. 

The Fruit. — The fertilization of the ovules usually takes place 
soon after the opening of the flowers, or sometimes even before 
their expansion. During the subsequent changes by which the 
ovules are converted into seeds, the ovary (and occasionally other 
parts of the flower) undergoes further development, and becomes 
what is technically called the fruit or seed-vessel. 

Changes during the ripenii^^ of the Fruit. — Generally the stamens 
and corolla, and not imfrequently the calyx also, fall away or wither up 
after fertilization, and the styles, with the stigmas, mostly disappear ; but 
the style sometimes persists, and even undergoes enlargement, forming a 
kind of beak or tail to the fruit, especially in simple fruits formed of one 
carpel {lUinuncul/uSy Clematis, Geum, iig. 289, &c.). The calyx, when 
inferior, remains in many cases as a loose cup or envelope surrounding 
the fruit (as in Labiatae, many Solanaceae, lig. 11^, &c.) ; or, when superior, 
its segments, enlarged or withered, form a kind of crown to the fruit (Oom- 
positae, Campanulaceee, &c., lig. 283), and the tubes of adherent calyces 
always enter into the composition of the inferior fruits (hgs. 298-303). 
In some cases the calyx and the corolla, in other cases the receptacle, 
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become blended with the ovary or ovaries to form the fruit ; and a still 
more complex kind of fruit is formed by all the flowers of an inflo- 
rescence becoming conjoined into a common structure during the ripening 
of the seed, so as to form a collective fruit, such as occurs in the Pine- 
apple (fig. 308), Mulberry (fig. 307), Bread-fruit, the Fig (fig. 306), 
cones of Firs, <fec. 

Considered as developments of the carpels alone, many fruits in their 
mature condition depart widely in appearance from tlie ovaries from 
which they are produced, the morphology of fruits exhibiting perhaps 
more remarkable cases of actual metamorphosis than any other parts of 
plants. Hence it is often difiicult to judge from a fruit what kind of 
pistil the flower has possessed, and the structure of fruits can only be 
understood by a study of their progressive development from the imma- 
ture to the mature condition. 

The most important source of change is the mppression of chambers or 
loculi of the ovary, together with the abortion of ovules. Thus the flower 
of the Birch has a two-celled ovary with one ovule in each cell ; but one 
cell with its ovule is constantly abortive and almost entirely di.sfippears in 


Fig. 271. Fig. 272. 



Fig. 271. Female flower of the Oak : «, vertical section ; 6, ctosb section. 
Fig. 272. Fruit of the Lime (Tilia) : «, entire ; 6, cross section. 


the fruit. In the female flower of the Oak and hazel-nut there are three 
cells, each with two ovules (fig. 271) ; hut only one cell is found in the n'pe 
fruit, and this is filled by one solitaiy' I’emainiiig seed, as we find in the 
Acorn or nut. In the Ume there aro several cells in the ovary, but gene- 
rally all but one are obliterated in the fruit (tig. 272) ; and similar cases are 
by no means uncommon. In these cases the dissepiments, called in the 
fruit septa, are not broken down, but pushed to one side and obliterated 
by the pressure exercised by the developed seed. 

On the other hand spvrmis partitmis are sometimes formed, as in 
Datura Stramonium, which has a four-celled fruit derived from a two- 
celled ovaiy : and in the pods of Legumiuosa) cross partitions are often 
produced between the seeds. % 

The original conditions are frequently still further concealed by the 
alterations in the texture of the coverings of the fruit, next to be de- 
scribed. 

The Pericarp. — The “ wall of the fruit is the substance formed 
f rom the carpels, or (when present) from the other component 
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structures. It constitutes the case enclosing the ripe seed or 
seeds, and is called the perkarp. The pericarp is of very different 
structure in different fruits. When the fruit is mature, it may be 
dry^ membranous^ leathery (coriaceous), woody, or succulent ; or it 
may be succulent externally and woody within, or succulent in- 
ternally and woody or leathery outside. 

The ripe pods of common Peas afford examples of a dry membranous 
pericarp ; the Flags [Iris) have a leathery |)ericarp ; the common Hazel- 
nut *fec. have a woody pericarp. The pericarps of the Grape and the 
Gooseberry are succuleid or baccate. The Plum, Cherry, &c. are succu- 
lent externally and woody within (drupaceous) ; the Orange, the Pome- 
granate, the Pumpkin, &c. are succulent within and leathery or horny 
outside. 

When the pericarp is uniformly membranous or woody, without dis- 
tinction of layers, no subdivisional terms are applied to it. The same 
holds good in respect to the simple s^iwcid^it pericarp of such fruits as the 
Grape and Gooseberry. Whtm there is a distinction into layers, formed 
bv a gradual alteration of the textur(i of the inner and outer parts during 
maturation, we distinguish between an cfncarp and an endocarp ov pyrene — 
as, for example, in the Plum, Cherry, Walnut, &c., whore there is a suc- 
culent epicarpj and a woody endocarp forming the ^^stone ; ’’ the core ” 
of the Apple is a membranous endocarp. When a fruit, such as the 
Orange, Pomegranate, Litchi, tV^c., is tirrn externally, witli a leathery or 
woody epicarp and a succulent endocarp, the latter is {generally derived 
from development from the placental reg-ions. In common “ stone-fruits ” 
the two regions arc often distinguishtHl by the names sarcocarp (or pulp) 
and puiamen or pyrene. In the l)ate-l*alm (fig. 280) the “ stone consists 
of the albuminous seed, which is invested by a succulent pericarp. In 
other Palms, such as Areca, the pericarp is librous. In hard-rinded suc- 
culent fruits we have an internal sareocarp enclosed by a vortex or rind. 

Many authors, following De Candolle, divide the pericarp into epicarp, 
mesoenrp, and endocarp. It may be observed liere that the distinction 
between endocarp and epicarp, in the common stone-fruits, arises entirely 
during the ripening of the fruit j the two r(‘gious are originally alike and 
imdistinguishable ; it is well known that the easy separation of the pulp 
from the stone is a sign of ripeness. 

DeMscence of Fruit. — Some fruits, more particularly the succu- 
lent kinds, but also many dry fruits, do not burst to discharge 
their seed or seeds when ripe ; these are called indehiscent fruits. 
The pericarp rots away, or is broken irregularly or 
when the seed germinates. Most dry fruits, more 
those formed of more than one carpel, burst open or separate into 
pieces in a regular manner when mature, and are consequently 
dehiscent. 

DeMscence takes place generally (1) by the separation or splitting 
of the sutures of the carpels in a vertical direction, or (2) by the disso- 
ciation of coherent carpels, or (3) by both together. The parts which 



142 


MOEPHOLOOT, OE OOMPAEATl\’i; ANATOMY. 


separate in the first way are called valves ; and this mode of burst- 
ing is termed sutural or valvular dehiscence. The separated carpels 
in the second mode are called coc£i if they do not open as explained 
in a subsequent paragraph. Sometimes the valves only separate 
for a certain distance from the summit, forming teeth (fig. 273). 
In a few cases the dehiscence is porous ; in others the upper end 
of the fruit falls olf like a lid, by transverse or circumscissile dehis- 
cence (fig. 274). 


Fig. 273. Fig. 274. Fig. 276. 



FIr. 27.S. Burst capsule of Cernsfinm. 

Pig. 274. Capsule oi Anttgallis (sometimes called a pyxis), opening by circumscissile deliis- 

CCTK^e. 

Fig. 276. Burst fruit of Illidum (Star Anise). 

Valvular Dehiscence. — When the dehiscence is valvular the 
fruit is named hi-, tri-, multi valvular according to the number of 
valves or pieces into which it splits. This mode of dehiscence is 
subject to several modifications, according as the splitting takes 
])lace through the dorsal or through ihe ventral suture, or through 
both at the same time. It is still further complicated by the cir- 
cumstance that the placentas sometimes remain attached to the 
valves, while at other times they break away from the valves, as in 
the condition called sejdifragal. 

A few examples may he here given of the various modes in which 
valvular dehiscence is effected ; and the student will find the subject far 
more readily intelligible if he refer to some collection of seed-vessels where 
the fruits are correctly named. In the case of simple or of apocarpous 
fruits, there is no partition or dissepiment, the cavity being simple ; in such 
cases valvular dehiscence takes place : — a, through the ventral suture, as 
in the Columbine (Aquilegia), the Star Anise {Illicium, fig. 276) ; or, |3, 
through the dorsal suture, as in Magnolia ; or, y, through both sutures 
at the same time, as in the pod of the Pea and other Leguminous plants 
(fig. 286). In this latter case there are two valves, but only a single 
ca^el. 

In unilocular mfncarpotm fruits, where the compound carpels cohere by 
their edges which ai-e not infolded, dehiscence takes place : — a, through the 
ventral sutures, when the placentas are found on the margins of the valves, 
^8 in Gentians (fig. 253), each valve in this case representing a carpel j jS, 
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through the dorsal sutures, when the placentas will be found in the middle 
of the valves, as in the Violet (fig. 2o4). In such fruits each valve consists 
of two half-carpels combined. In the Orchidacefe the capsules dehisce 
in the manner last described, with this further peculiarity — ^that the valves, 
bearing the placentas in the middle, separate from the midribs or dorsal 
sutures, leaving these latter attached together at the top, and thus forming 
an open framework supporting the remains of the perianth. 

In multilocidar syncarpotis fruits, where tho sides and margins of the 
component carpels’are infolded, so as to form partitions or dissepiments, 
the dehiscence is likewise through the dorsal, or ventral, or through both 
sutures j thus dehiscence takes place : — a, loculicidally, through the dorsal 
sutures, so as to open the loculus or cavity of the carpel from behind ; 
each valve in this case represents two half-carpels (figs. 277, 278) ; or, 
septieidalli/j through the septa, so as to isolate the previously combined 
carpels (fig. 27()). Each segment in this case represents an entire carpel. 




Fig. 276. Riv»(? fruit of Geranium, th<! tailed coo<?t separating ulastiealJy from tho carpophore. 
Fig. 277. Burst capsule of Iris, with locuiicidal dehisceuco. 

Fig. 27S, The same in cross section. 

Septicidal and kxnilicridal dehiscence may occur in the same fruit, as 
in the Fo.vglove {Diyitalifi), the capsule of which lirst divides into iis 
constituent carpels septicidally, and afterwards each carpel splits loculi- 
cidally into two valves ; the four valves so produced represent each a 
half-carpel. 

Bt)th the locuiicidal and septicidal modes of dehiscence are sometimes 
associated with what is termed mptifraipd dehiscejice. This occurs when 
the septa or partitions bearing the placentas are broken across ; the effect 
of this is that the valves break away from tho placentas, leaving part or 
tlie whole of the latter standing in the centre of the fruit on a kind of 
column, as in Amlromeda, Convolotdus, Ithododendron, See. Septifrayal 
dehiscence takes place by itself in the silirjues or pods of Cruciferee, where 
the valvtis separate from the parietal placentas, leaving them in the centre 
supporting the ovules (figs. 295 & 290). 

Schizocarps. — ^In some instances, as in Galium, the carpels separate one 
from the other without opening. In such a case the term schizocarp is 
employed to designate the whole fruit, while its component carpels are 
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called coed, or where there are two, as in Umbellifers, mericarps (fig. 300). 
More frequently the carpels not only separate septicidally but each one 
bursts, through the dorsal suture, as in Geranium (fig. 276), or through 
the ventral suture, as in Colchicum. 

Dehiscence hy teeth only differs from that by valves in the smaller 
degree of separation. The fruits or seed-vessels of Oaryopbyllace^e 
dehisce by teeth. Sometimes the teeth are equal in number to the carpels, 
as when the dehiscence is through the ventral sutures only {Lychnis) ; 
sometimes double the number of the carpels, when the splitting takes 
place through both sutures {Dianthus) (fig. 273). 

Porous Dehiscence arises from the formation of orifices in 
the walls of a dry capsule, allowing the seeds to escape. In fhe 
Po[)py {Palaver) a circle of is formed round the iipjjer edge 
of fhe fruit, just Ixiuoath tlie stigma; in Antirrhinum and lAnarm 
tliere are two or three orifices near the summit of the capsule ; in 
some Campanulas a pore is formed at the base of each cell. 

In all these cases the orifices arc fornu'd from thin spots in the walls, 
which tear open, their edge's curling back in more or less n^gular teeth : 
the dehiscence of Antirrhimm is connected by that of Sin'ophnlaria, I)iqi~ 
fdl'is, kc. with the dehiscence into a crown of teeth as in Primula and 
Caryopliyllaceae. 

Transverse or Circumscissile Dehiscence, observed in the mem- 
branous capsu](^8 of LIyoscyamm (fig. 294), Anayallis (fig. 274), 
Plantayo^ &c., aud in the woody fruils of Lerythis, arises from a 
transverse fissure running round the wall and splitting off the upper 
part of the fruit like a lid. A dehiscence analogous to this occurs 
in the lomenta of various lieguminosaD, which break across in several 
places between the seeds. 

In these cases a kind of articulation is produced, by tlie tissue of the 
pericarp romaining more delicate in the line of delnsc.eiiee, so that it 
becomes torn by the hygi\)m(?tric contraction or expansion of the firmer 
parts above aud below, after the fruit has become mature. 

Period of Dehiscence. — Dehiscence does not usually take place until 
the seeds are ripe ; hut in Mignonette {lleseda) the ovary opens before ; in 
Lvontice thalidroides the ovary hursts very eaiiy, and tlie seed ripens in a 
naJtcd condition. ^ In Impatiens and some other plants dehiscence takes 
place suddenly with considerable force, the valves separating and rapidly 
curling up. In Elaterium the peduncle separates in a similar sudden way 
from the ripe fruit, and the seeds are forcibly ejected. 

Fruit of G3riuiiosperms. — In G}Tnnos])erms there is of course no 
proper dehiscence ; but in most cases the carpellary scales of the 
female coues, which are separate to some extent during fertiliza- 
tion, frequently close up together so as to form an apparently solid 
body while the seeds are ripening, as in Phms, Cupressus, Thvya^ 
&c. (fig. 309). The scales open again when the seeds are ripe) 
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but in some cases not for many years, and in other cases they 
separate from the axis. In Juniperus the scales become succulent. 
Ill Tiuvus the solitary ovule is naked ; but during the ripening of 
the seed a succulent cup-like envelope grows up round it. 

Forms of Fruit. — The forms of perfect fruit are distinguished 
by technical names, and in defining them it is desirable to classify 
them in some way. The classification which conveys the greatest 
amount of information is that founded primarily on the con- 
struction of fruits. 

Fruits may be divided first into free or momtJialamic fruits^ 
formed from single flowers, and conjltient fruits, formed of the 
blended flowers of an inflorescence. The term polythalamic has 
been conveniently applied to fruits of this latter kind. 

Free fruits may be divided into : — 1. Apocarpous fruits, where the 
constituent carpels are solitary, or, if more than one, separate ; 2. 
Syncarpous fruits, formed of compound ovaries, and consisting of 
{a) superior fruits when the calyx is free, and (h) inferior fruits 
when the tube of the receptacle or of the calyx is adherent. 

Confluent fruits require uo corresponding subdivision. 

The following are the terms most Uv‘?ually employed, and very many 
more might be enumerated; but botanists now content themselves with a 
few well-defined types, and for the rest use such terms as capsular, baccate, 
&c., to indicate the general nature of the fruit, as more rigidly applied 
terms are not only cumbersome, but ofleu fail in practice. 

Apocarpous Fruits. 

AchaBnium. — The Achcenium is a small, dry, indehiscent, one- 
seeded pericarp, tipped with the remains of the style, and with 
the seed free in the interior, except at the point of attachment. 

I'liis fruit is rarely found solitary, as in Ahliemilla j it usually forms 
Fig. 280. 



Fig. 279. Achaenium of cut vertifolly to show the seed. 

Fig. 280. Section of the fruit of the Date (Phoenix daotyUfera)\ c, the pericarp; ar, the 
embryo imbedded in the homy albumen. 

Pig. 281. Circles of follicles of Sempervivum. 

Pig. 282. Persistent calyx of a Boraginaoeous plant, opened to show the carcerulus formed of 
four indehisoen t carpels, separating from each other. 

L 
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part of a multiple fruit, as in Itanv/nculm^ Geum (fig. 289), &c., where 
they occur on a dry receptacle or thalamus, or as in the Strawberry, where 
they occur imbedded in a succulent receptacle. Acha?nia are popularly 
mistaken for seed.s, from which they may be known by the stylar beak 
and by the seed lying loose inside. 

The term achnenium is often loosely appli<3d to the halves of Umbel- 
liferous fruits (fig. 300), the cocci of Mallows, the numlea or nuts of 
lioraginacese, Ijahiatse, &c. (the carcei'ule of some authors) (tig. 282), and 
to the ajpf‘ekp of (k)mp 08 itrc‘ (figs. 28:>-285). 



Fig. 288. Cypaela of Fig. 281. Vy\)Ho\i\. of Jiidflnit. 

Fig. 28.5. Cypflcla sliced vertically, to show the seed within. 

Drupe. — The Drupe is n one-cellod flesliy fruit, ropreseiiied 
by stone-fruits formed from a single pistil, sucli as the CluTry or 
Plum, where the stone is formed by the inner part of the pericarp, 
and the pulp by the outer part. 

In common stone-fruits the drupe is solitary ; hut minute drupes formed 
on the same plan are assembled together on the r<'ceptn.cle of the Kasp- 
herry and PlackheiTy (fig. 290). The term drupe is often improperly 
applied to the compound stone-fruits, like the Coeoa-iiut, kc ., — or to the 
liate, where the stone is formed by t lui seed alone, and the. ]mlp by the 
pericarp (tig. 280). Fruits of this general kind are called dru])aceou8. 

Follicle. — The Follicle is a simple pod, splitting down the ven- 
tral suture only, and bearing the numerous ovules on its margins. 

This rarely occurs solitary, but mostly combined with others in a circle, 
as in Aquilv^ia^ Sempervivum (fig. 281), &;c. j and they are then often 
coherent at the base. 

Legume. — The Letjume is a one- or inany-se(?ded simple fruit, 
usually splitting down both sutures, with the placentas on the 
margins of the ventral suture. 

In most cases the lequme is elongated and pod-like (fig. 280), as in the 
Pea, &c. f but sometimes it is curved or even spirally coiled like a snail’s 
shell, as in Medkago (fig. 287), or lobed and knotted, as in Acacia (tig. 288). 
In Astragalus a spurious sutural septum is formed by projection inward 
of one of the sutures (fig. 252). 
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The Lomenttim is a modification of the lep^ume, either wholly inde- 
hiscent, or constricted into joints between the seeds and sometimes falling 


Fig. 28G. 



Fig. rsr.. Login no of Poa, Inirsl. 

Fig. liS7. a, tUirlod li^gunio of Medico go sativa’, h, of Medicago orbicularis. 
Fig, 288. Legume of au Acacia. 


to pieces in these situations, as in Ortuihopus, Vesmodiumj kc. In the 
1 omentum of Cassia (e. g. Cassia Instida) llicre are many false cross septa. 


Fig. 289. 



Fig. 290, 



Fig. U89. Multiple fruit of Gevm, cut v<*rti< ally (u) to show the attachment of the component 
acheeuia (6) on a dry receptacle. 

Fig. 290. Multiple fruit of Blacli berry iliubus\ cutvextically, showing the spongy receptacle 
covered with little drupes. 

SyncarpoifS Fru its — Superior, 

Caryopsis. — ^The Garyopsis is the one-seeded fruit of the 
Grasses, composed of two or, rarely, three carpels, which form a 
dry pericarp inseparable from the seed. In practice it is hardly 
recognizable from the achene, except in the last-mentioned charac- 
teristic. 

L 2 
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Samara* — The Samara is a two- or more-celled, few-seeded, 
dry, indehiscexit fruit, which has a membranous wing or wings 

Pig. 292. 



Fig. 291, Double samara of the Maple fAefir), 

Fig. 292. Pamara of Ihe EJm ( Ulmus eampeittri*). 
Fig. 293. Samaroid fruit of the Bireh ( Tietula alba). 


developed from the pericarp — as in Acer (fic;. 201 ), Uhmm (fig. 202), 
and the little fruits of the catkin of the Birch (fig. 203). Practi- 
cally this may be regarded as one or more aclu^nes with winged 
pericarps. 

Pyxis. — The Pyxis is a one- or more-celled, many-seeded 
fruit, the upper part of which falls ofF like a lid by cinnimscissile 
dehiscence, as in Anagallis (fig. 274), IJyoscyarnvs (fig. 204), Lecy^ 
this, &c. It differs from the capsule merely in its transverse de- 
hiscence. 

Siliqua. — This is a tw-o-valved linear pod, the valves of which 
separate septifragally from a kind of frame, with a more or less 
perfect false septum {rephm) stretched across it, the parietal 
placentas being attached to the frame, as in Swapis (fig. 295), 
OheirantJms, &c. It is the characteristic fruit of Crucifers. 

The Silicula (diriunutive of the last) is merely a short and broad 
siliqua, often moat expanded in the direction at right angles to tlie rephmj 
the valves sometimOvS winged — TMaspi (fig. 20())^ Cap.scIIa, «S:c. 

When the replum is imperfect, it is said to fmestrate ; or it may be 
destroyed altogether. Some siliquas and siliculas do not hyrst by valves 
— Cramhcy MapItamiSy Imtis (fig, 207), &:c. 

Capsule. — The Capsvle includes all the remaining kinds of 
dry fruits, membranous or w'oody, formed of one-celled or many- 
ceiled compound ovaries, which dehisce more or less completely by 
regular valves, equal in number to or double that of the carpels ( Jm, 
Oolchiaimy Caryophyllace®, Digitalis,, Priwulay &c.), or by pores 
{Antirrhinum y Papaver), Its mode of dehiscence may be septicidal, 
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loculicidal, or septifragal. Fruits of this general character are called 
capsular. 

Fig. 294. Fig. 296. Fig. 296. 



Fig. 291. PyxiH of enclosed in the dry calyx. 

Fig. 295. Burst sillquu of SinupiSf the Talyes separating from the sutures supporting the 
replum. 

Fig. 296. Burst silicic of ThIa/tpL 

Fig. 297, Indehisoent fruit of Isatis : a, entire ; b, a cross section. 


Syncarpom Fruits — Inferior. 

Gians. — The Gians is a hard, dry, in dehiscent fruit, spuri- 
ously one-celled from suppression, usually one-seeded, seated in a 
persistent involucre forming a cupxile. In the Acorn and Hazel- 
nut there is a single gland in each cupule or cup, while in the Beech 
and Chestnut there are several. 

The ovary of the Oak is 3-celled, with two ovules in each cell ; but 
two cells with their ovules, together with one ovule of the fertile cell, 
are suppressed, and the wall of the ovary ( fig. 271) is converted into a bony 
shell, completely filled by the remaining seed. The ovary of the Birch is 
also 3-celled, that of the Hazel 2-celled, that of the Chestnut 3-8-celled ; 
and similar suppression takes place. The inferior character of the fruit is 
marked, especially in the Chestnut, by the remains of the teeth of the 
calyx on the summit (fig. 210, p. 117). In the Acorn the gland is naked 
above, seated in a cup ; in the Hazel the leafy cupule envelopes it j and in 
the Chestnut and Beech the spiny cupule encloses sevtfrsl fruits, 

Cremocarp. — The Cremocarp is a schizocarpous or splitting 
fruit, consisting of two inferior achenes formed from a two- or 
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sexeral-celled compound inferior ovnjj, the cells of which separate 
when ripe as indehiscent ccfcci. The separate halves of the two- 
celled fruit of UmbeIJifersB are frequently called mericarps (ngs. 
ii98~300) {Galium and many other E-iibiacea), &c.). 


Fig. 298. Fig. 800. 



Pig. 29fi. Fruit of (Ennn^he, tli#* |ja]v«*« not s#‘j>arat<“d. 

Fig. 299. Crn«H Sfction of thr fruit of the Carrot 

Pig. 300. Fruit of Uinbcllilcra', the mericurjis Bopai’ati d and hanging from the carpophore. 

Bacca, or Berry. — The Bacca, or inie berry, is an inferior 
succulent fruit, crowned by the withered teeth of the calyx ; it is 
uniformly pulpy, with a thin skii), the niiineroiis seeds being im- 
bedded iu the pul{) — Gooseberry, Currant, Cornel (tig. 302), <fec. 
The term “ haccaie^^ is now generally applied to all succulent fruits, 
whether superior or inferior, which have not a distinct stone like a 
drupe, as tig. 301. 


Fig. 303. 



Pig. SOI. Nttoulaninm, uva, or superior berry of Solanum^ cut across. 
Pig. .302. Berry of Cornel {Comva mas). 

Pig. .303, Vertical section of the pome of Me»pi1u» (Medlar). 

3^. S04. Cross section of the pepo of Cucumber. 
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Pome. — The Pomum (fig. 305) 
is a compound, niaiiy-celled suc- 
culent fruit, in which the epicarp 
is fleshy, while the endocarp fonns 
either cartilaginous liiiings and 
partitions to the cells (a “core”), 
or bony shells around the more 
or less sepjirated cells — ^Apple, 
(Juince, Medlar (fig. 303), lla’v^ - 
thorn, &c. The fleshy portion 
of the pome consists of a dilata- 
tion of the upper end of the 
flower-stalk, in which the true 


Fig. 305. 



Pome of Apple. 


carpels are imbedded. 

Pepo. — The Grourd is a succulent inferior one-eelled fruit, with 
the seeds on threti piirietal plactmtas, imbedded in pulp, which often 
tills up the cavity; the epicarp is more or less leathery (Cucumber, 


tig. 304), or thickened and indurated (Gourd). 


Lifrvtescences or Confluent Fruits, 

Syconus. — The iSi/eouus is a succulent fruit, formed of an en- 
larged fleshy excavated or concave flowering axis, in which are im- 
bedded numerous separate fruits with dry pericarps. In the Fig 
the seed-like ])oricarps are seated on the ^^'a]]s of the internal 
cavity (flg. 30()); in Dorstenia they are imbedded in the concave- 
topped (‘ommon reeiMJlaelo. 

Fig. 308. 



Pig. 306. Vertical section of the Pig (Ficus Carm). 
Pig. 307. Fruit of Mulberry (Mortw niffra). 

Pig. 308. Fruit of Piae-apple (Anunusta sativa). 
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Sorosis. — The Sorosis differs from the foregoing 
by the substance of the constituent pericari)s, 
formed of the ovaries and floral envelopes of the 
flowers, becoming pulpy and conflucmt with each 
other (Monts, fig. 307), and somelimes with the 
succulent axis of the inflorescence (Pine-apple, 
fig. 308, Bread-fruit). 

Strobilus. — The /Strohilus, or Cone, is the cha- 
racteristic fruit of the Gymnosperms, consisting 
mostly of a conical or ovate mass of imbricated 
scales, with seeds in their axils (or on their bor- 
ders, Ct/ws), each scale being the development 
of a single carpel, representing a female flower 
(IHnus, lig. 300). 

The Galhuhts is a kind of cone with few scales, which 
have their hoiids tliiclieiied and forming the p(‘riphery 
of a vsoniowhal globular mass, drv ( Cupressm), or some- 
times succulent (Jimqterus, iig. 207). 

The Seed, 


Fig. 809. 



Formation of the Seed. — The consequence of the fecunda- 
tion of the ovule is the development of aji emhnjo in the embryo- 
sac (p. 139); and during the maturation of the fruit the ovules arc 
perfected into seech, the essemtial character of which is, that they 
are independent reproductive bodies, containing an eynhryo or rudi- 
mentary plant at the time when they are cast off by the parent 
(tig. 311 

Fig. 310. 



Pijf. 310. Section of nn TJmbelliferouB flower, showinii' the two seeds in situ, each containing 
an embryo at tho upper end, imbedded in albumen, 
rig 311. Seed of Castor-oil plant (JRieinits) : A, external view ; B, vertical section ; a, kilum ; 

A, mirruft^/e, with an arillode around it ; c, raphe, leading to (d) the chaiaza ; e, 
embryo, with foliaoeous cotyledone, and radicle pointing to the micrepyle ; f, peri- 
eperm or albumen. 
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The seed remains attached to the placenta of the fruit, until 
mature, by the funiculus^ from which it ultimately separates by an 
articulation, so that a scar is left, called the hilim. 

The direction and position of the seeds in the cells of the fruit, as 
well as the inodes of curvature, indicated externally by the relative posi- 
tions of the hilum (^hg. 811, <*), micropyle (6), chalaza (d), and raphe (c), 
are the same as in the case of the ovule ; and the same terms are made 
use of in describing their peculiarities. 

The face of a seed is the side or edge turned towards the placenta from 
which it arises. 

The direction of seeds may differ from that of the ovules, by alteration 
in the shape of the ovary, abortion ot ovules, &c. It may be noted that 
anatropous ovules normally have the raphe next the placenta if ascending 
or »mjiended, so that the raphe indicates the face. 

Parts of the Seed. — The seed consists of the proper body of the 
seed and its integuments, to which in some cases are added appen- 
dages of various kinds. 

The outer coat of the seed, called the testa, completely encloses 
it, marked, however, by tl)e microscopic orifice of the vnicro^afle, 
and by the hllnm, or scar of the funiculus. The tesla presents the 
greatest possible variety of conditions of texture, from membra- 
nous, horny, woody, or bony hardness, on the one hand, to a 
leathery or soft, pulpy condilion on the other. The dry forms 
frequently exhibit beautifully regular markings, such as minute 
ridges, reticulations (Poppy, Silene, &c.), spines (Stel- 
laria, &c.) ; or the margins are produced into sharp 
edges or broad wings {Biynonia, I'iinis, tig. 812) ; or it 
bears a crown of hairs, or coma, at one end, as in Bjn- 
lobiimi, Asclejyias, &c. ,* or it is completely covered with 
long hairs, as in the Cotton plant : while in various 
Poiemoriiacem, Labiatm, &c. etc.) it is clothed 

with microscopic hairs, which expand elastically and 
dissolve into a kind of mucilage when wetted. {Some- 
times the testa is loose, and forms a kind of sac around winged seed 
the body of the seed, as in Orchidacea), Pyrola, &c. ofPme. 

The inner inUgumeM, the tegrnai or endojjleura, is not generally 
distinguishable ; when it i^, it is usually hitish and delicate. 

The reference of the integuments of tlie seed to their elements in the 
ovule is a subject of ^reat complexity, since there appear to be no rules 
as to what regions of the ovule, from the nucleus outward, shall remain 
distinguishable or enter into the composition of the coats. The testa is 
commonly formed of the primine and secundine (p. 137) of the ovule con- 
joined. The tegmen seems to originate sometimes from the secundine, 
sometimes from the substance of the nucleus, &c. Small indehiscent fruits, 
such as the achsenia of Eanunculus (fig. 313 ) or of Borages (tig. 282, p. 145), 
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10!^ Eable to be udifitukeB for seeds when detached; they are known by 
ItmiaiBS of the style, and by the complete s^d with its proper coat 
being distinguishable on opening the pericarp (tig. 313). 

Fig. 316. 



Fig. 3iy. V«^Ptical section of an achasninm of Ranunculus, showing the seed within the peri- 
carp and with a minute embryo in the albumen. 

Fig. S14. Section of the seed of 2)fpha, showing the straight embryo in the axis of the peri- 
sperm or albumen. 

Fig. Jil6. Section of the oaryopsis of Wheat, showing the abundant perisperm, a, with the 
embiyo, b, at the base, outside. 

Fig, 816. Section of the seed of Jris, with the embryo enclosed in the perisperm. 

Enations from the Seed. — A. considerable number of seeds 
possess a coat; or appendage distinct from the proper integument, 
and produced entirely daring the development of tlie seed from the 
ovule — that is to sa}'", after the fertilization of the latter. These 
additional structures are fretpiently fleshy when mature, as in the 
8pindle-tree, Euonymus^ Podo^phyllam, &c. The older authors 
called all the forms bv the same term, arillus ; recent authors 
distinguish the true arillus, which grows up over the seed from 
the funiculus, like the priinine and secinuJiiie, as in Nymphcm, 
Passion-flowers, &c., from the arillode, which originates at or near 
the micropyle, and grows down more or less over the testa, as in 
Kaonymm ( where it forms a pulpy coat), in Euidiorhia, Ilkinas 
(fig, till), Poly gala, &c. 

The mace of the niitinog is an arillus, adhering both to the hilum and 
micropyle. 

The appendages which grow from the raphe, in Chelidonium, Asamn, 
Viola, &c., are sometimes called strophioks. 

The body of the seed is composed either of the emhryo alone, or 
of the embryo imbedded in a mass of tissue, called the perisperm, 
or aZftamen (figs. 313-320). Seeds wherein the embryo is immedi- 
ately invested by the integuments are commonly called eamXlm- 
minoits or aperispermic (figs. 321 & 323). Where perisperm exists, 
they are called albuminous (figs. 313 &c.). 

The term albumen, founded upon the functional analogy with the albu- 
men or white of an egg, is very inconvenient, as it has a distinct chemical 
sense, in which it is frequently used in the chemical questions of vegetable 
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physioJcOT ; and therefoin the wo^ p&ri^ern^ is preferable. All seeds in 
their rudimentary condition eontain perispermj but as the embryo grows 
it is often absorbed, so that in the ripe seed it is no longer perceptible. 
It is considered to be analogous with the prothallus of the higher Crypto- 
gams. 

The Perieperm varies very much in both quantity and in texture 
— in proportion to the relative magnitude attained by the embryo 
(figs. 313 <fc 320), and in consequence of the different mode of 

Fig. 319. 



Fig. 317. Section of the seed ofXy«/tnMf, with a pcripherieally curved embryo, 6, Kurrounding 
t'ne perisperm, a. 

Pig. SIS. Section of the seed of Piper, showing the embryo in a separate sac at the apex 
of the periHp*'^™’ whi(?h latter is hollow in the, middle. 

Fig, 819. Section of the fruit of the Coeoa-tnit Ihilm, showing the fibrous epics, rp, the woody 
endocarp (j-) enclosing the hollow' perisperm, in which lies the minute embryo. 

development of the cellular tissue and its content.^ in different 
eases. 

The texture or consistence of the perisperm is termed mealy 
or farinaceous when it may be readily broken down into a starchy 

Fig. 322. 



Pig. 320. Vertical section of the seed of liicinus : a, hilum ; 6, micropyle ; c, raphe ; d, chalaza 
e, embryo ; f, perisperm. 

Fig. 321. Aperispermic dicotyledonous seed of a Bean, with the coats removed: a, radicle; 

6', 6", cotyledons (separated to show the plumule, c). 

Pig. 322. Monocotyledonous embryos removed from the perisperm, vertically sliced : A, of 
CcUlapalustHs; B,Avena(Oat): a, radicle; cotyledon; e, xdumule. 

powder (as in Corn-grains &c.) ; oily when it is composed of soft 
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tissue loaded with fixed oil ("as in the Poppy and Cocoa-nut); muci'- 
lagimus or fleshy when it is tougher and swells up readily when 
wetted (as in the Mallow) ; hornif when hard and more or less 
elastic (as in Coffee, Galium^ Iris^ <fcc.). 

The perisperm is usually a uniform mass ; but in Piperacese 

(fig. »*U8 )j Cmmaj and some other plants the embryo is contained in an 
inner central compartment or sac (sometimes called the amniotic sac), 
so that the porisperm is here double. The enclosed portion is some- 
times called the endimperm ; the development of this will be described 
in the l^hysiological part of this work. 

The uniformity of the perisperm is also destroyed in some seeds by a 
peculiar lohulated condition of the outer portion, the siiniosities being 
tilled up and enclost^d in an inseparable layer of dillereiit-coloured tissue, 
giving a marbled appearance ; this, which is seen in the Nutmeg, is called 
a ruminated ptuisperm or albumen. In the Co(;oa-nut the perisperm is 
hollow wljen inaturt', containing the so-called milk (lig. tSlP). 

The Embryo. — The emhnjo^ or rudiineiitary ]>la7it contained in 
the seed, ordinarily possesses, tvhen the st^ed is mature, all the 
essential organs of vegelation, namely root, stem, and leaves, al- 
though in a few cases the leaves are uiidistingulshable ; while in 
oth(‘rs the embryo is a mere c(dlular nodule in tlie ripe sc^ed, as in 
Orcdiidacete and ()robaiudia(tea>. The embryo is the result of the 
fertilizatiou of tlie gt^rmiual vesicle or ooq>here contained in the 
embryo-sac (p. 1,‘h)). 

Parts of the Embryo. — The emd of the embryo usually pointing 
to the mieropyle is the radicle (figs. a) or rudimentary 

root, continuous with the lower end of the axis which terminates 
at the other end in the (figs. 321-;il!;i, c) or rudimentary 

terminal bud. The axis itself is sometimes very short, being a mere 
“ collar” between the base of the seed-leaves and the radicle ; but, in 
some cases, it is developed into a ^^’ell-lna^ked liypocofyledonary axis 
or tiyellum^ distinguisliable from the radicle by its cylindrical form 
(or, if conical, the ])oint of the cone is up\\ ards). The rudimentary 
leaves, called cotyledons (tigs. 1^21-323, 6", />', /;), differ in number in 
the two great classes of Angiospermous Flowering plants, since in 
the Dicotyledons there are two placed face to ffice at the upper end 
of the axis, with the plumule between them (fig. 321); and in 
Monocotyledons only one exists (or the rudiment of another on a 
different level), and this is more or less completely rolled round 
the plumule, like the sheath of the leaf in Grasses (fig. 323). 

The embryos of the Gymnosperms are either dicotyledonous, as in 
CycaSf Taxusj Jimiperm^ &c., or really or apparently |)o(ycofy/cdo«o?/s, as in 
Pinm (lig. 324), where it is said that the seeming Whorl is formed of two 
deeply divided cotyledons. 

Direction of the Embryo* — ^The embryo, whether covered only by 
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the coats or imbedded in perisperm, exhibits many varieties in the 
relative position of its parts : thus it may be straight (fig. 314), curved, 
arcuate, or hoolced 325), sjnralhj coiled (fig. 323), or folded ; in 

Fig. 323. Fig. 324. Fig. 325. Fig. 326. 



Fig. 323. Aporispermic Monocotyledonons s<‘<>d of Poinmoffeion, with the coat removed: 
(I, radicle ; ft, cotyledon; e, plumule. 

Fig. 324. Embryo of Pinug, extract'd from the perisperm, and the cotjdcdonary lobes 

Beparat**d. 

Fig. Vertical section of the seed of Atropa Belladonna. 

Fig. 320. Vertical section of the seesd of the m»p (Jlumulue). 

the last case the radicle may be folded against the back of one of the 
cotyledons (incumbent, 327) or against their edges (accumhent) . 

The cotyledons, which are usually of fleshy texture, and vary 
much in form, degret^ of expansion, and solidity in different cases, 
are occasionally rolled or folded up like leaves in leaf-buds (figs, 
328 & 329) ; and these are described by the terms defined above 
under the vernation of leaves (p. 73). They are sometimes folia^ 
ceous, as in Convolvulus or Jiicinus (fig. 320), <fec. The fleshy 
kinds occasionally cohere very firmly in Dicotyledons in the mature 
state ; and they are sometimes of unequal size, as in Traini natans. 


Fig, 327, 



Fig. 327. Vertical section of the seed of 'Erymnxim: a, funiculus. 

Fig. 328.’ Dicotyledonous embryo extracted from a Turnip-seed. 

Pig. 329. Dicotyledonous embryo extracted from the seed of the Maple (Acer). 

Generally the cotyledons form the greater part of the embryo, as in the 
Bean (tig. 321) ; but sometimes they are very small or undistinguishahle. 
They usually die away, but in Welwitschia they remain to form the only 
leaves the plant has. 

Relative Position of the Embryo. — The embryo may be in the very 
centre of the perisperm {Polygonum), excentric-, completely external 
(Grasses, fig. 315) ; curved round the outside .peripheriem (Lychnis, fig. 
317). The radicle generally points to the hilum (homohlasUe), rarely 
away from it (enantiohlastic)* 
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CHAPTER I. 


PRLXCIl'LKS OF CLASSlEIOATIOxV. 

Sect. 1. Species Gen kb a. 

Systems of Classification. — In throwhif^ phnis iogether into 
groups, two methotls may bo ndopied, count it iit’nig ro.spoetively an 
artificial or a nataral system ot‘ chissHicaiion, In the former^ the 
only object is fo arrange or place oI)jeds in su(‘h or(l<T lhat we may 
find them readily by some ])romineiit mark, in tint same mariner as 
Avords are arranged aJphabofically in a did lorjjiry. In a Natural 
Classification, the object is so to coinJum^ our materials that the 
things brought closest together shall hu\'e the gF'(\atest possible 
agreement ; from w hich it results that a knowledge of ail the 
peculiarities of one carries with it the knowh^Ige of hwst of those 
of its neighbours, and enables us, from th(‘ ol)servation of a portion 
of the characters of a given kind, to foresee the rest. According 
to the derivative theory a group is natural in pro])ortion to the 
accuracy with which it expresses the degree of relatioiiship of the 
members of the group to each other, and of one group to its fel- 
lows. If there is no real kittship the resemblance is only super- 
ficial, and the classification therefore artificial. 

Species. — Syshmiatic Botany is founded upon the real or assumed 
existence of distinct kinds or sjtecies of plants — a notion which 
of course belongs not to science exclusively, but is a part of the 
common experience of the world. But there is a great difference, 
practically, between the kinds of things accepted in the ordinary 
afeirs of life and the kinds admitted in science, more especially in 
the Biological sciences. 
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There is another fact of daily experience which is of primary im- 
portance in reference to this point ; that is, the circumstance that 
plants produced from seeds most commonly resemble in all impor- 
tant respects the parent plant from which the seeds were derived, 
and this through an indefinite number of generations ; from which 
it follows that kinds or species of plants are regularly reproduced 
by their seeds. 

The definition of a species can only be considered as arbitrary ; 
but for practical purposes it may be said that a species consists of 
those individual plants which agree in all their important and con- 
stant characters, in the same way as do individuals of analogous 
structure, which we know to have descended through a number of 
generations from a common stock, and which therefore may be 
assumed to have been produced through seed from an original 
individual, or pair of individuals, of a distinct kind. To these 
may be added the assertions that individuals of the same species 
may be cross-fertilized, to the improvement rather than the detri- 
ment of the fertility of their seeds, and that they are affected in 
a generally similar Jiianner external agencies. 

Diversity of opinion still exists anionpt naturalists as to the origin and 
fixity of species. On the one hand it is assumed that every distinct 
species originated in a distinct creation of that i'orm, which has been 
perpetuated, with its essential characters unchauged, through succeeding 
generations. It is usually added by the same school that, as regards 
plants, every species originated from a single prototype, or a pair of 
parents where the plant is di(Bcious. 

On the other hand, it is contcmded by most modern naturalists that 
species were not necessarily created as we nowse^e them, but that existing 
species are the lineal descendants of those that have gone before, and 
more or less modified in course of time by varying circumstances, such as 
inherent tendency to vary, the effect of external agencies, and the com- 
petition of other forms. This notion involves the conclusion that species 
are not absolutely invariable. 

Varieties. — Species are distinguished by those characters which 
under present circumstances are constant so long as the conditions 
under which they exist remain unchanged ; but individuals may possess 
other additional" characters of less importance, which are inconstant. 
Even as in the human species we find every individual possessing cer- 
tain peculiarities, so even in almost to the lowest of created beings 
do we find what is called an idiosyncrasy, and individual character, 
chiefly depending, in the vegetable kingdom, uj)on the conditions under 
which they have grown up. We often lind seeds from the same parent 
producing individual plants diffenng in the colour, size, and nutnoer of 
their flowers and of their vegetative organs, according to the conditions 
of climate and soil to which we submit them. Very often, moreover, we 
find these differences displaying themselves under what appear to us 
identical conditions, as is particularly the case with many of the favourite 
“ florist’s flowers -such as the Pelarffofiimn, Fuchaiuj Pinks, Asters, &c., 
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whiclx sport out into numberless varieties when raised from seed 
under highly artificial conditions. The occurrence of such variations is 
less common and, when it occurs, generally less marked in wild plants, 
as might naturally be expected, from the likelihood of wild plants 
maintaining their footing best in a position where the conditions are most 
natural to them ; but we do find remarkable cases of variation in many 
wild species, as of colour in the common Milkwort and the Columbine 
{AquUetfia) ; but most of those kinds which exhibit the tendency now 
and then in a wild state, become extremely variable under culture. Some 
of the variations anj dependent simply upon modifications of the cell- 
contents of certain tissues, as in the commonest of all variations, those of 
colour, and in the not uncommon appearance of white patches and streaks 
variegation ^’) on the leaves. Other variations arc toratological, and 
result from the over-stimulation of the vegetative system, causing the 
reproductive lorgans to degenerate (of which the ordinary doubling ” of 
flowers by the degradation of their stamens into petals is an example) — 
or, vice vcrsd, the application of stimuli at particular epochs, producing 
remarkable development of flower or fruit. All these variations, more 
especially those involving serious teratological changes, tend to disappear. 
Common variations, of slight importance, mostly die out at once in the 
descendants through seed, especially if the conditions are varied ; serious 
departures from^ the typical structure (teratological variations) lead to 
barrenness and incapability of continuing tuther the variety or the species 
by seed. 

It is important to note here a fact whicli will be more minutely 
examined in another place, namely, tliat although the peculiar characters 
of varieties are comnionly lost in seeds, the })eculiar form is capable of 
indefinite propagation by* vegetative multiplication through cuttings &c., 
the special idiosyncracy being possessed in common throughout all the 
leaf-buds, both while forming part of the par(‘nt and after they have been 
detached from it to form new plants, grafts, 

A certain number of species whicli vary more or less in a wild state 
exliibit a remarkable peculiarity under systematic cultivation. By strictly 
maintaining a certain set of conditions, varieties originating accidentally 
or through intentional treatment are made to manifest their additional 
peculiarities so strongly, that they transmit the tendency to present 
similar peculiarities to their seeds ; and such transmission goes on for an 
indefinite number of generations, provided the requisite external conditions 
are kept up. In this way arise what are called Races, series of individuals 
connected by common charfwters and by inheritance, like species; but, 
unlike them* liable to lose, in one or a few generations, under change of 
conditions, part or all of tlie essential characters by which they are distin- 
guished. We have examples of such races in most of our esculent vege- 
tables, especially in the many varieties of form, more or less permanent, 
derived from the wild Cabbage {Brassica oleraced). 

These, together with Hybrid, or the produce of cross-fertilization 
between individuals of distinct species, will be referred to again among the 
phenomena of the Physiology ot Reproduction. The determination of the 
limits of species is greatly obstructed in many cases by the frequent 
ocjcurrence of varieties, and more particularly of races — to* which hyDrids 
add another complication, probably of less importance than many modem 
authors suppose. It appears probable that the number of real species is 
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far smaller than is usually supposed, and that many races, and a large 
number of frequently recurring varieties, hold a place in our existing lists 
of species. The varieties and races above mentioned are considered under 
the development hypothesis as the initial stages in the formation of new 
species. If these variations are of such a nature as to enable the plant to 
adapt itself bettor to the conditions under which it lives^ or to sustain itself 
in the battle of life with other organisms, then they will be perpetuated — 
become more constant, and ultimately attain such a degree of relative 
constancy or invariability as to be classed as species. 

Genera. — Whenever wo examine a large assemblage of distinct 
species, we shall find that certain of these agree with certain others 
more closely than with the rest ; so that we may parcel them out 
into groups, in each of which we shall find an agreement in a 
number of common characters, by which it is also distinguishable 
from the other groups, (generally speaking, we shall find that we 
can place together a number of species agreeing closely in the 
essentia] plan of construction of their floral onjam^ while they 
differ in the forms and duration of their vegetative organs^ &c. 
Ciroups of this kind are called genera ; and the notion of a genus, 
like that of a species, is not only common to all departments of 
human knowledge, Imt is also existent in the language of common 
life in its special natural-history sense, only requiring for scientific 
purposes to be more strictly defined. In every language we find 
generic names applied to jdants, such as Willow, Hose, Violet, and 
a hundred others, each of which terms is indicative of a group of 
kinds or species, more or less extensive in different cases, corre- 
sjjouding exactly in its logical value to the genus of the botanist. 

Some of these groups are characterized by very striking peculiarities, 
so that even the genera of vulgar lauguago correspond very nearly with 
those of the botanist; but in the generality of cases the popular collective 
names are applied on superficial grounds of resoinhlance, and include 
widely diverse species. For example, the term Violet is made to bind 
together not merely the common scented and other true Violets, but the 
Hame’s Violet {Hesperis), a plant of the Cabbage family, the Calathian 
Violet {Gentiann Pneumonanthe), a true and characteristic Gentian, the 
Dog’s-tooth Violet {l^ryihroniam Dcfis-Canis^yti plant of the Lily family, 
&c. ; while the term Hose is extended from true Hoses to Cistif or Hock- 
roses, Rhododendrons, AlpineKoses,&c. It is obvious here that there can be 
no near ** blood relationship,” if we may so term it, between these so-called 
Hoses, &c. The classification of all these forms having only superficial 
resemblance to each other is a purely artificial classification. Still some 
genera are characterized in a sufficiently marked way for most of their 
constituent species to be recognized as such pretty readily, after a very 
small amount of attentive exhmination, as, for example, true Hoses, 
Willows, Lilies, &c. ; and we call such genera, including species of a 
very marked similarity, natural genera,” thus indicating the closeness 
of the band that ties them together. On the other hand, the principle of 
combination which accords with the intuitive classification in those 

H 
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natural genera leads to the establishment of other genera wherein the 
species seem at first sight to difier widely, of which we could not have a 
better example than in the genus Eiiphorhia^ where our native species pe 
inconspicuous herbs, while tlie tropics afford species with large spiny 
Cactus-like trunks, &c. 

t Moreover the carrying out of the same principle leads in certain cases 
to the generic separation of species which present close agreement in 
their general characters, but are distributable into a number of gi*oupa 
characterized by very decided morphological diversities in important 
parts of their floral organs. Thus, in the Umbelliferae, the Oompositse, the 
Grasses, and some other families, we separate generically species which 
have a great resemblance in the majority of their characters. This happens 
especially in what are called very natural families of plants, large assem- 
blages of genera so evidently connected with each other by the presence 
of some very marked peculiarity, such as tlie Umbelliferous inflorescence, 
the Papilionaceous corolla of the Leguminosfe, the Oapitulous inflores- 
c>ence of the Compositfe, the peculiar spikelets in the Grasses, &c., that no 
doubt can be entertained as to their lineage. On the other hand, the 
natural genera ” occur mostly where the character of the natural family 
is more lax and flexible, as in the Itanunculacefe, Tlosacofe, &c. 

In the present state of knowledge it must be admitted that a very 
large portion of our generic distinctions are arbitrary, and that the 
species included in some genera agree together much more closely than 
tnose combined under other generic heads. At the same time it cannot 
be doubted that some genera are really far more extensively repre^sented 
by species than others ; so that the mere niimher of kinds included in a 
genus is to be totally neglected in a natural classification ; and many recent 
authors have done disservice to science in general by splitting up large 
natural geuera on slight characters for the convenience of systeinatists. 
It is far more instrucrtive to keep together the members of large natural 
genera, like Fhus^ Eriea, Beyoma, &c., than to subdivide them under 
names which disguise their relations ; and the convcmience of system at ists 
may alwiiya be sufficiently regarded by the csiahlMiment of sections in 
extensive descriptive works. 

Genera are groups of species associated on account of agreement 
in the essential chararters of their floral organs ; but here, as else- 
where iu nature, variations from our abstract types must be ad- 
mitted. Some undoubtedly natural genera include species with 
their floral organs varying in certain particulars more than is usual 
in groups associated under a common type, somewhat as certain 
species admit of a wider range of variation than others. Here, 
again, physiological characters become of value; and as in species 
we regard fhe fertility of the seeds produced by unlimited cross- 
breeding between the varieties as a proof of these being individuals 
of the same species, so wdth regard to genera it is commonly held 
that a generic connexion between diverse species is indicated by 
the capability of producing hybrids by cross-breeding. These true 
hybrids produced between disiinct species of the same genus are 
oiten barren, or only breed with individuals of one of the parent 
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spacies, which soon eliminates the cross, and leads to a complete 
I’eversion to that species. 

The physiological test is consonant with morphological evidence. In- 
dividuals of the same species are capable of indiscriiuinate fertilization 
because they are exactly alike in all essentials of structure. In hybrids 
produced between two species of a genus, the parents agree sufficiently in 
structure to allow of their producing a few fertile seeds j but the plants 
raised from these seeds contain two contradictory impulses, which so far 
prevent the perfection of their organization that they either remain bairen 
or a dissociation of the mixed characteristics occurs with, it may be, their 
ultimate entire extinction. 

Origin of Species— Selection. — Supposing species to hpe originated 
from a few primordial forms, from which all existing species have been 
derived, just as individuals may be traced back to a common parent stock, 
the question then arises as to what causes have produced the modifica- 
tions. Where, on this hypothesis, there were originally a few, or perhaps 
a single primordial form, to which all then existing individuals might 
liave been referred, there is now an infinite number of forms both in the 
animal and vegetable kingdoms. Tlow liave these arisen P To this 
question the answer given by various naturalists has been different. 

liy some the variations have been attributed to the influence of external 
conditions; by Darwin to an innate tendency, producing variations of 
structure, some of which, under given circuuistanc.es, would be favour- 
able to the progress and development of the individual, aud others not 
so. In the battle of life, the struggle constantly goiiijg on in animated 
nature, those variations most advantageous to the organism in its compe- 
tition with others would be preserved by natural selection,” while 
other variations of less advantageous char^ffer would be obliterated or 
not perpetuated. Hence the victory would he to the strongest ; the 
weatest would go to the wall, and the result would be, in Mr. Spencer’s 
language, the survival of the fittest.” It wull thus bo seen that on this 
liypotliesis species ai'e not considered immutable, and variations, especially 
such as are advantageous to the orgttiiisiu.s, are regarded as the starting- 
points of new species. With reference to these peiiits the student will 
do well to bear in mind that these and kindred speculations are not to be 
treated as dogmas or creeds, but as means to an end, and tliat end the 
more perfect knowledge of the origin and relation of existing forms. 
Any hypothesis or theory which will seiwe to correlate and bind together 
a number of otherwise isolated facts and explain their interdependence, 
is valuable not only for what it effects at the time, but as a focus ju'oiind 
which other facts may in future be gathered. That hypothesis is best 
•which serves to give a rational explanation of the largest number of ob- 
served phenomena of the greatest importance. Tried by this test, the 
Darwinian hypothesis, or, rather, the theory of evolution, has great ad- 
vantages, and presents on the whole fewer difficulties and less inconsis- 
tencies than the older hypothesis of separate creation of eaeffi species. 
Particularly does this seem true in the case of the subject now before us 
— the classification of plants. The admission of the principle of filiation 
and genealogical descjent gives the natural system of classification a cleai*er 
claim to its title of “ natural than it liad before, supplies the explanation 
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of a vast number of plienoniena otherwise inexplicable, and offers plau- 
sible and valid reasons for the existence of facts and processes that were 
previously considered either unintelligible or pur]iosele88 modifications of 
an assumed structural type. The portion of Mr. Darwin’s hypothesis 
which has perhaps received the least amount of assent has been that 
relating to natural selection. The idea was based on that artificial pro- 
cess of selection by means of which man has been enabled progi'essivelv 
to improve and perp(?tuate the difliTent fornjs of doint^stic animals and 
cultivated plants. Tn the latter case the ln)rticulturist is ever on the 
look-out for variations. If he sees one that suits his purpose, such, for 
instance, as a plant producing larger flowers than ordinarv, he does all 
that he can to perpetuate that variety by carefully selecting seed from it, 
at the same time that lie destroys or neglects other less desirable varia- 
tions. In this inanner, afh^r a time, the selected variety becomes fixed,” 
and a rm*e ” is formed. On the Darwinian hypothesis a selective process 
is supposc^d to occur naturally, similar to that, employed by the gardener 
or agricultunst as just explained, such stdection or elimination resulting, 
as before said, in tht) survival of the fittest. 

Sect. 2. Komenclatitke. 

Names of Plants. — The Terminology of Bolany ostablishos rules 
for nainiiig the ])arts or organs of plants, and the different charac- 
teristics which those organs ])resent.. Nomenelatiiiv chsals with the 
naming of platits themselves as irn^mbervS or parts of the Vegetable 
Kingdom ; and it furnishes the rules for naming the kinds of plants, 
and the various groups or asseniblages in which they are associated 
in our systematic, classitications of kinds. 

'^rhe ])rimary rule in ludanical (and zoological) nomenclature as 
laid down by Liniueus is, that evertf spf>cleii shall hare a piartindar 
name^ compounded of a suhstantive and an. adjeeiive (or substantive 
used adj(^ctively), tvkereof the former indicates the yenus^ and the 
latter the species. 

This rule of naming may he compared with the common usage of sur- 
names and Christian names— -the former indicating the family to which a 
man belongs, wliile the latter admits of his heing spoken or written about 
without the necessity of adverting, except for special purposes, to his per- 
sonal peculiarities or his relationship to the other members of his family. 

These scientific names of plants were originally established m 
Latin, because Latin was the general language of science at the 
time they were introduced; and they will be rtdainecl with advantage 
BO long as diversity of language exists, since they ensim? to all plants 
and animals names wliich have universal acceptation, and which, 
like the Arabic numerals 1, 2, 3, &e., are equally comprehensible to 
the educated of all nations, and, moreover, they are more definite 
and precise in their signification than ordinary vernacular aj)pel- 
lations. 
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Generic Names. — The subs tan rive names of genera have been 
and are si;i]l formed very arbitrarily, and without any generally 
recognized principle. 

All those which have been identified as known to the ancients are 
called by their classic names, such as Prunus, Myrtm^ Quercia j Thymus j 
&c., the etymology of which is more or less obscure in various cases. A 
very large proportion of modern generic names are founded upon com- 
binations of Latin and, more particularly, Grtjek words indicating some 
obvious external peculiarity, or some property possessed, or supposed to 
be possessed, by the plants ; but the application of this principle has often 
been carried out without accurate knowledge and without happiness in 
selection, so that many such names are but little characteristic, and would 
often apply more correctly to other genera. Those, on the contrary, 
which ai’e well chosen aflbrd a certain assistance to the memory ; exam- 
ples of such names, founded on structure, occur in : — Lithospvtmmm^ so 
called from its st<my fruit (or supposed seed) ; Campamlfij from its bell- 
shaped corolla ; SayittariUj Irom its arrow-f^baped leaves, &c, : on quali- 
ties, in Glycyrrhiza ( Liquorice), from its sweet rhizome ; litdiiu (Madder ), 
from yielding a red dye; Lactum (Lettuce^, from its milky juice, itc, ; or 
on ac(;ustomed station, as Areuariny Mpideudnwiy ifec. : others have 
derived their names from supposed medicinal powers, such as Pulnmutria, 

Another large class of generic names is founded on proper names 
either of mythological or real personages, more especially distinguished 
botanists, to whom the genera are dt'dicaUul. Liniueus diew largely 
upon classical mythology and legendary history as a ready source of 
diverse names for the many nc5wly defined genera he liad to deal with ; 
and the names /rw, Artcnmiay Amaryllisy NarcmnSy i&c. stand out 
strongly in their euphony from most of those founded on modern names ; 
such names, however, its Limwity LoheUuy IHoHcoreUy Muynolia go far 
to rescue the principle of naming genera after botanists and their 
patrons from the opprobrium brought upon it by such as Schumacheriay 
Schioeyckhertay liazoiwiomkiciy TUchschoUziuy and the like, and will pro- 
bably be preferred by most persons even to such “ characteristic " names 
as FUiuroschismaiyinuSy Oxystophyllmny Tacky ptvnpjiumy GlischrocuryoUf 
&c. 

In face of these lavSt, the pseudo-Latin harbarisnis TheUy Coffceay Bam-^ 
bmuy which preserve the original native names of plants, become no 
longer imcoutli. 

Spsciftc names are always either adjectives, or substantives used 
adjectively. When they are adjectives, they must of course be 
made to agree with the substantive ; and it may be recalled to 
recollection that in Latin all names of trees are feminine, whatever 
may be the termination. 

In the majority of coses, the specific names are selected on similar 
grounds to the generic. Attempts are very commonly made to render 
the name characteristic, a proceeding which in many cases aftbrds a 
certain advantage j but when, on the contmry, it is carried out in im- 
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perfect acquaintance with the species of large genera, it leads to cpn- 
iusion. Sometimes these names indicate the character of the kaves^ as 
in Tiiia graniifoUa and parvifolia^ or the existence of a definite number, 
as in Platanthem hifoHa^ Paris quadrifolia, &c. ; or the character of the 
infioresceme^ as Butotmis ntnheUaim^ Bromiis racemostiSj kt. Or the 
habit ” of a species is indicated by such adjectives as rmijor, minor , 
scandens, &c. j or its duration, as by annua, permnU, kc . ; and in some 
cases comparisons with other plants are marked, as in Banimmlus aconi^ 
tifoliusy Acer platimoidesj &C. 

* Generally speaking, the colour of flowers is too variable for specific 
distinctions ; but nevertheless many species are named from their usual 
t)r constant colour, as Gentiana lutca, Lamiuni album and purpurcum^ 
Digitalis purpurea, &c. 

Station, i, e. kind of soil or place inhabited by a plant, is another source 
of names, as arvaisis (common on ploughed hind), agrestis, hortends (on 
cultivated ground generally), (in meadows), sylvestris or sylvan 
tirus (ill woods), jialustris (in swamps), aquatirua (in or about water), and 
satirus, a term commonly applied to kinds regidarly cultivated from seed. 
Most of the-se terms are ajiplied vaguely, and a similar want of accuracy 
in the implied idea allects many of the names founded on the places 
wlu-r<‘ plants have been first observed, siicli as SUcne y allien, Siachys yer- 
mnnica^ Genista anyliva, ko., noiif^ of which are peculiar to the (M)untri(‘s 
named, though tliey may, in the first instance, nave been considered to 
be so. 

Such names as odorata, suavcolens, fevtida, kc., expressing marked 
qualities, were fonnerlv much used; and the adjective (Ifficinalis is found 
a])plied to a host of plants formerly valued by the herbalists for some 
siip})osed medicinal or economical j;roperty. 

Substantive naiiujs used adjecfively are mostly names of abolished 
genera, retained in association with the new generic tt'rm, as Pammeulus 
Flamrmda, Fjrm Mains, Matricaria (Jhamomdla, Pranas (krasus, ko ., — 
these old gtmeric terms being in a few cases double, as Adiantuni 
VajnUns-Vencris,'^ Lychnis Flos-cucnlir kc. Or substantive proper 
names are used in the genitive case, a-* Limnochnris Humholdtii, Viola 
Nuttallii, Galium Vaillanfii. The dedication to distinguished persons 
may, however, be etfected by adjectival terms, as Saliv Jkminna, kc., the 
use of the genitive noun being more stnclly appropriate when it is the 
name of the discoverer or first describe!* of a species, the termination ana 
conveying a mere compliment and not necessarily iinjilying that the 
person to whose name it is affixed had any thing to do with the particular • 
plant in question. 

Authorities for Names, — If the rules of scientific nomenclature were 
strictly enforced under the direction of a single authority, each plant 
would have but o^ie name (composed of the gmieric and specific appella- 
tions), and this name would be indissolubly and unequivocally connected 
with the idea of the peculiar species. But it happens practically that 
such is not the fact, and this for reasons necessarily affecting various 
cases. Not unfrequeiitly it happens that a plant possesses more than one 
specific name, which may arise from an author naming it a second time, 
through entire ignorance of its liaving been previously observed, or from 
his erroneously supposing a particular form to be distinct from the already 
known and named species. Almost as frequently in the present day do 
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•we find a distinfetly recognized species denominated by more than one 
genenc name, while the specific appellation remains the same, this ambi» 
guity arising from difference of opinion as to the limits of genera, and con- 
se^ently as to the group to which particular species are to be referred. 

To ensure accuracy, therefore, it becomes necessary, whenever the name 
of a plant is mentioned in a scientific work, that the authority for the 
name (that is, the author who originated it, or whose peculiar application 
of it we adopt) should be indicated. This is done by subjoining on ab- 
breviation of his name. Thus, Beilis perennis^ Linn., or L. ; Inida Conyza^ 
DC. j Bulicaria vulgaris^ Gaertn., signify that we moan the species which 
were defined under these names by Linnaeus, De Candolle, and Gaertner, 
respectively. In like manner it is requisite, in the majority of cases, 
where the name of a genus is mentioned, to indicate the authority, since 
many of the older genera of Linnajus and others have been broken up 
into a number of groups, and the original name restricted to one of these 
more limited assemblages. 

Synonyms. — The superfluous or incorrect names which exist 
in many cases cannot: be neglected where they have once acquired 
a certain currency, because a certain amount of existing knowledge 
is connected wdth these names in the works of the WTiters w'ho 
have used them. Hence arises the necessity of enumerating the 
synonyms of plants. The citation of synonyms is of course un- 
necessary ill general cases, w^hcre the names of plants are incident- 
ally mentioned, so long as the authority for the name is given ; 
but in (Systematic v orks, such as descri]>tions of the plants of a 
country or province, or monographs upon particular groups of 
plants, it is part of an author’s duty to ascertain and indicate 
all the names which have been applied to the particular forms, 
land the exact senses in which different names have been employed. 
The synonyms subjoined to a specific name may indicate : — 1, 
that the same species has received different names from different 
authors ; 2, that a selected specific name includes the several sup- 
]>osed or real species enumerated under it ; ti, that the species has 
been removed from a genus to which it was formerly referred ; 
4, that a particular view is taken both of the generic and spe- 
cific value of a plant concerning which opinions have varied in 
both particulars. 

The following examples may serve to illustrate this ; — 

1. The name Galium verum^ L., has simple priority and therefore pre- 
ference over G, luteum^ Lamarck, indicating the same species, which was 
accidentally or erroneously named by the latter author afteriAmimus had 
given it an appellation. 

2. Agrostis alba, L., includes A. coniprvssa, Willd., A. gigantea, Roth, 
A, stolonifera, L. (in part), &c. ; these latter have been mistakenly sepa- 
rated from it, or subsequently named without knowledge of the identity. 

3. Castanea vulgaris, Lam.,*^ is now substituted for Faqm Castanea, L., 
as the genus Castanea is now regarded as distinct from Pagus. In many 
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cases we find a distinct generic name given as a synonym where it is 
really more recent, but is rejected in favour of the older* on the ground 
that the more recent generic separation is not approved of ; for instance, 
Apargia avtjmnnalis^ Willd. ( Oporinia autumnahsj Don). 

4. Catahrosa mpiaticay Beauv., is named in diverse works Air a aqtm^ 
tica^ L., Molinia aquatica, Wibel., l*oa atroides, Koel., Glyveria aquatica, 
Presl, &c. 

The multitudinous synonyms which fall under the last category are 
attributable to the excessive tendency of mod(irn writers to multiply 
genera on slight grounds. Such minor subdivisions are far better 
restrict(id to extensive systematic works, on the plan adopted in De Can- 
dolle’s ^ Prodomus,’ providing them with sectional names for the exclu- 
sive use of systematists, and preserving the more general name for 
common purposes. 

Nomenclature of Varieties. — The varieties of species are no- 
ticed in des<;riptive works wh(*n of frequent occurrence, and then 
are either simply ind}<^ated by tlio letters of the (J reek alphabet, 
or have an additional adjt^ctive name like the species, which plan 
is especially followed in lists of garden varieties. In such cases 
either the ordinarily occurriiig form is taken as the type, and the 
series of occasional varieties is begun with /3, as — 

Samhucm ulgra^ L. , var. /3. leaflets laciniated (Hooker 

& Amottj. 

or, Samhuctis nigra^ L. ft, virescms (fruit green). 

y, lencocarpa (fruit white). laciniata (leaflets laci- 
niated). e. vai'iegata (leaves with white streaks), 

Koch. 

Or if the sjiecies is variable and no one form is considered 
typical, the series begins with «, thus : — 

Fedia dentata (Hooker <fc Arnott). a ( Valerianella 

sonii, DC.). ft (Fedvi mixta, Yahl). y {Fedici 

eriocarpa, Hoem. & 8eh.). 

The nomenclature of cultivated plants is fruitful in examples of named 
varieties in large numbers belonging to particular species, such as Clarkia 
palchelUi alha, C. pnlchella rosea, &c. &c. j but these names are often ap- 
plied without scientific exactitude. 

Hybrids are named according to certain rides when they occur 
frequently wild or, if obtained artificially, when they are propa- 
gate by cuttings, bulbs, &c. The names of the tw’o parent species 
are combined, thus : — Verhasciim nv/ro^Lgchnitis, a hybrid betw een 
V, nigrum and V, Lgchnitis, With regard to artificially produced 
hybrids, it is possible to indicate the parentage with more accu- 
racy, and the name of the seeding plant stands before that w^hich 
yields the pollen, as Amaryllis vittaio-reginre, the form produced 
when the ovules of A, vittata are fertilized by the pollen of A. 
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eginm, and vice versd. Where a plant is known to be of hybrid 
origin, it is a good plan to indicate the fact by prefixing x to 
he name. * 

The nomenclature of the groups above genera is of less import- 
mce than that of genera and species, and is dealt with more 
ndependently by individual writers. Artificial groups are gene- 
*ally named from the character on which they are founded, as in 
;he case of the Liniiean classes and orders. The same is the case 
vith the artificial divisions which are usetl in most Natural Ar- 
'angements for conveniently subdividing large assemblages of 
B' amilies or Orders, such as lluilaniijlorce &c, of I)e Candolle, Poly-- 
^etalcB &c. of Jussieu. But as the essence of the Natural Ar- 
rangement of plants lies in the combination of forms according 
jo the majority and importance of points of likeness or general 
character, we are not necessarily restricted by any definite character 
in the selection of the name ; and in regard to the Natural Orders, 
great diversity of principle has prevailed in the application of the 
names, and even considerable latitude in the form given to them. 
There exists, however, one rule applied in all Latin naming of what 
are termed Natural Orders : the word plants is xmderstood^ and an 
adjective name agreeing with this represents the group. In exist- 
ing systems we iind these adjective names founded sometimes on 
a prevalent character in the family, as (plantui) Legumiuosm, 
Coniferae, Umbelliferao, &c. ; sometimes on the names of typical 
genera, as Bosaceaj, Solanaeeae, Couvolvulace?© ; sometimes on an 
existing general name derived from common language, as Grarni- 
naceae and Palmaceio. A difference of termination exists even in 
regard to the same word in different authors : thus, one author 
writes CistineaD, another Cistaceae, with the same meaning ; while 
others use the word Aroideae in preference to Araceae. or Palmac in 
preference to Palmaceae. 

Attempts have been made to reduce all these names to a system, and 
to preserve the same form of termination for groups of the same value. 
Thus it is proposed to make the names of all Orders end in acece^ like 
lianunculaceae, Ericaceae, &c., the only objection to which is the necessity 
of discarding many familiar and well-established names, and replacing 
them by strange ones, as Apiaceae for Unfibelliferae, Fabaceae for Legumi- 
nosae, &c. ** Classes ” or Alliances ” again are made alike by using the 
terminal form : as Gliimales, instead of Glumaceae or Glumiferae, 
for the group composed of the Orders with a glumaceous perianth, &c. 

A fixed rule does exist among all modern writers in the denomi- 
nation of suborders or tribes into which Orders are divided ; for 
these are founded on typical genera, the names of which are made 
to furnish adjectives by the substitution of eas for the last vowel 
and whatever may follow it : for example, in the Order of the 
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Banunculaceee, we have the tribes AnemonecB from Anemone^ Ban- 
uncttlece from Ranunculus ^ Hellehorece from Hellehorm^ &c, ; and in 
botanical works these names of tribes are commonly printed in 
italics like those of genera and species, while the names of families 
and all above them are printed in roman letters. 

The names applied to the larger divisions of the Vegetable Kingdom in 
Natural Arrangements are generally made as characjteristic as poSsSible ; 
but, as will be shown in the Section on Natural Arrangements, none of 
the single characters of such groups are absolute, and therefore no name 
founded on one character can be universally descriptive, Thus the 
name Monocot vied ones is applied to a most natural group, in which are, 
however, included one or more orders, as tlie Orchidacea), in which the 
embryo has no cotyledons. And it may be said that to an advanced 
student it is fur more beneficial to regard all names as abstract signs, used 
rather to indi(iate certain plants or groups of plants with which he is 
acquainted, tliau as expressive of the characters of the plants to whi(!h 
they are anplifid. 

These observations on the nomenclature of the Orders and higher 
groups of plants are placed here for the sake of (U)nnexion with the 
remainder of the subject; but they will he better appreciated after 
neqmiiiitunce is made with the illustrations of them in succeeding 
Sections, 


Sect 3. Descrtpttoiv^ of Plants. 

It is tlio business of every botanist who distinguishes and names 
a new sf)eoi(‘s of plant to furnish an exact statement of the charac- 
ters by which it may bo recognized by others. 

The most c()m})lete fulfilment of this r(Hpiisition is supplied in 
what is termed a {Jcscripiion of a plant, in which is given a dotaihid 
account of the external form, the arrangement and relations of 
all its oj’gans, according to a fixed j)lan and in a fix(^d language, 
furnished by the terminology made use of in Morphology. 

In order to impress upon the mind of the student the principal points 
to be looked to in descrihing a plant, and thus to ensure completeness and 
accuracy of observation, we subjoin a list of tlieiuore salient characteristics 
which it is desirable to notice in writing a full description of a plant. 
Some of these are of much greater importance than others, inasmuch as they 
afford the means of grouping plants into genera and orders, not only phy- 
siologically hut morphologically, &c., and furnish what are called 
gtiostic characters. Prom their great importance, much stress is deservedly 
laid on them ; hence, after enumerating the principal characters ” neces- 
sary to be ascertained in drawing up a full description, we shall insert 
illustrations of the schedules ’’ introduced with so much success for 
teaching-pui*pose8 by the late Professor Ilenslow, and in wdiich attention 
is drawn solely to those points of special importance. 

It must also be borne in mind tnat the terms used are such as are in 
general use, and are to be taken in their conventional sense, and not as 



DESCKCPTIOK OIT 3?LAlfTS. 


171 


necessarily expressing the exact truth : thus, as has already been explained 
under the head of Morphology, when we say that one organ is ifiserted 
into another, it would be more correct to say that the one emerged from 
the other ; in the same way many cases of so-called co?ie8mt and adhesion 
are shown, by the study of the progressive development of the flower, to 
be rather cases of arrested separation than of union of originally distinct 
organs. 

In describing a plant fully, a commencement is made with the root, 
from which we proceed to the stem, leaves, inflorescence, flowers, and, 
finally, the ripe fruit and seeds. 

In the case of the root the principal points to be looked to are : — first its 
nature j whether true or adventitious ; then, in succession, its form, direc- 
timi, size, degree and mode of ramification, duration, consistence, surface, 
colour, &c. Similar remarks apply to the stem and its modifications. 

Leaves require first to be noted as to their position, radical, cauline, &c. ; 
insertion, stalked or sessile ; possession or deficiency of stipules ; arram/e* 
merit, alternate, opposite, &c. ; composition, simple or compound ,• direction, 
duration, texture, colour, and surface. The blade of the leaf then be 
described as to its geueral form, oidline, base, apex, marf/ins, mode of vena- 
tion, size (especially in relation to the stalk, if present ). The subdivisions of 
a compound leaf must be treated in tlie same maimer as simple leaves. 
The or leaf-stalk has to he nested as to its form, mrf ace, relative 

size, &c. Stipules, as far as practicable, should be di^soribed in a similar 
manner to the leaves, as also should, mutatis mutandis, the leaf-buds. 
In their case, as also in the cfise oi‘ fiower-buds, the modt) of vernation or 
oi vestivation, as the case may be, should be ascertained and rt'cordod. As 
regards the infiorescence, the prin(d]:al things to be considered are its 
position, direction, relative size as compared with the leaf, nature (definite 
or indefinite), ramification, form, number offi>owers, duration, (fee. 

The fiower-stalks follow the same rule as the h‘af-stalks ; hut particular 
attention should he paid to the top of the llower-stalk (the thalamus) 

sec whether it he fiat, convex, or concave. The bracts are descrilxid in 
the same manner as the leaves. In the case of the calyx and corolla, 
attention should be directed to their construction (cohesion), relative posi- 
tion {addiesioii), form, direction, colour, vernation, surface, size, absolute and 
relative, duration, od<mr, »fec. 

Individual sepals or petals should be described in the same way as the 
leaves. 

Stamens should be described with reference to their insertim (adhesion), 
cohesion (free or united), number, position, arranyenmd,size (with reference 
to one another and to the other parts of the fiower ). Filaments present 
similar characters to those offered ,by tlie leaf-stalks, and are described 
accordingly. Anthers require attention as to theiv form, mode of attach- 
ment to the filament, shape and number of their lobes, their mode of dehisr- 
cence, colour, surface, the form and peculiarities of the connective and of 
any appendages that may he present. The/o/7n, colour, and distinctness 
or cohesion of the pollen-grains should, if possible, he stated. This is not 
always practicable unless recoui-se be had to the compound microscrope, 
when other peculiarities, then visible, should be noted, at^will be further 
explained in the section on Physiology. 

After the stamens, the characteristics of the dish, if present, should he 
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noted, and then those of the pistil as follows — number of the constituent 
carpels, their isolation or cohesion and arrangement.^ their adhesion and rela- 
tive positionyfor-nij cavities, partitions, and mode of placentation. The styles 
require to he noted with reference to their position, number, size {relative 
and absolute), form, surface, colour, &c. Similar remarks apply to the 
stigma. The ovules differ in their position, mode of attachment, number, 
form, &c. The follows the same rules as the pistil ; but, in addition, 
the te:cture, mode of dehiscence, and number of seeds must be noted. 

Seeds are described niiich in the same way as ovules, takinfr care not 
to overlook any of the peculiarities presented by the coverings of the seed 
in the way of hairs, scales, arils, and the like : tlie interior of the seed also 
requires special attention, to s(ui whether or not it be (dhuminous or exalbu- 
mmous ; if the former, the nature and quantity of the albumen sliould be 
noted ; and in any case, where possible, tha form, position, direction, size of 
the embryo and its parts, the nature and number of the cotyledons, &c* 
should be accural ely ascertained. 

The stiuU'iit is recommended to take any plant be meets with, and 
endeavour to draw up a description of it with reference to the foregoing 
scheme, ily comparing the description of one plant with that of anotlier 
he will familiarize himself witli the main points of differen(!e between one 
])lant or one organ and another, and will learn to apply the appropriate 
term to each modification. 

The subjoined description of the common white Dead-Nettle {Lamium 
album) is given as an illustration of a tolerably complete desciiptiou of 
the external peculiarities of a plant; it may serve as a model to the 
student in drawing up similar descriptions. It is, liowever, advisable that 
he do not attempt too much at once. A bad or careless description is 
almost worse tJiati none at all ; hence the beginner is recommended to 
make himself pretty thoroughly (u*quainted with the peculiarities of such 
organs as are most easily studied bt^fore passing on to organs such as 
ovules, &c., whi(di require some considerable practice before their structure 
and characteristic features can be ascertained. 

Lamium allmm. — A rather coarse hairy perennial, with a shortly creeping 
stock, from tlie joints of which, especially on the lower surface, proceed at 
intervals numerous slender, fibrous, brownish roots. Stems 1-2 feet high, 
herbaceous, decumbent or ascending, fistular, four-sided. Leaves exsti- 
pulate, opposite, stalked, the upper ones nearly sessile, hairy, membra- 
nous, ovate-acute or acuminate, cordate, coarsely and irregularly toothed, 
unicostate, arch-veined, 2-3 inches long, 1-2 inches broad. Petiole less 
than half the length of the blade, channelled on the upper surface, rounded 
beneath. Flowers pure white, sessile, in axillary cymose whorls (verti- 
cillasters) of (i-lO or more. Caly.c ci^mpanulate, of 6 sepals, united below 
into a traversed by 10 ribs ; limb divided above into five nearly equal, 
spreading, linear, ciliated segments, of which the uppermost stands sligntlv 
apart from the others. Corolla white, tubular, bilaoiate, twice the lengtn 
of the calyx ; tube curved, ventricose, as long as or longer than the calyx, 
scabrous inside, with a ring of hairs near the ^se ; upper lip erect, concave, 
notched, hairy on the outer surface; lower lip spreading, 8-lobed, the 
middle lobe bijpad and 2-lobed, the two lateral ones simul and pointed. 
Stamens 4, didynamous, epipetalous : filaments downy, springing nrom the 
upper part of the tube of the corolla, partially concealed within the upper 
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X Anthem innate, 2-lobed ; lobes superposed, oblong, blackish, introrse, 
ihiscing longitudinally j connective covered with white hairs. Pollen 
dlowish white. Ovary small, truncate, 4-lobed, 4-celled, encircled at 
le base by a pale green, cup-like disk. Ovules solitary in each cell, ana- 
opal. ^yle single, basilar, thread-like, as long as the corolla, termi- 
ating in a 2-h)bed stigma ; lobes of the stigma short, oblong, pointed. 
Vwi/ of four (or fewer by abortion), l-celled, 1-seeded, indehiscent, blackish 
lining lobes or aclieiiea. Seeds solitary, erect, invert(}d, exalbuminous. 
'mhryo straight j cotyledons large, plano-convex ; radicle short, inferior. 

Such descriptions are now usually given in a modorii language 
'hen occurring in works descriptive of the plants of particular 
ountries and intended for general use, &c. In general systematic 
.'orks, or in isolated notices, publishc'd in periodicals or Transac'tions, 
ddressed more particularly to proficients, the Latin language is 
isually preferred, as it is understood by botanists of all nations and 
s less vague in its appli(‘atioii. 

Detailed descriptions are commonly given only where new spe- 
ies arc established, or when an uncertain nomenclature;? is to be 
nude clear and definite, in a monographic or a general systematic 
vork. The classification of plants ijito genera, families, the 

Natural System, renders the repetition of the j)eeiiliar marks of 
hese groups unnecessary in the characterization of the subordinate 
!;roups or forms. For this reason, characters aiul d lay noses eom- 
nonly reydace the complete descripf ions of species in ordinary 
lescriptive botanical works, since, as the character of the genus 
iicludes those peculiarities of the floral organs which are common 
lo all its species, and which constitute the bases of the genus, it is 
only recpiisite to connect with each species the character by which 
that species is distinguished from others. 

The following condensed description of the white Dead-Nettle, from 
Bentham’a ‘ Handbook of the British Flora,’ will show how, when the. cha- 
racters of the order and genus are known, a faithful portrait of tlu? species, 
and one comprising the most conspicuous features only? inay be drawn up; — 
“ A mther coarse hairy perennial, with a shortly creeping stock, and decum- 
bent or ascending branching stems, sol loin above a foot high, Ijeaves 
stalked, coarsely crenate. Flowers pure white, in close axillary whorLs of 
(5-10 or more. Calyx-tc^eth fine, long, and spreading. Tube of the corolla 
cun ed upwards, and longer than the calyx, with an oblique contraction 
near the base, corresponding with a ring of hairs inside; the upper lip 
long and arched ; the lateral lobes of the lower one slightly prominent, 
with a long fine tooth.” Then follows an account of the station in which 
the plant is found, and of its geographical distribution throughout this 
country jind the continent. 

Value of Characters. — Having gained a general idea of what points 
are to be looked to in drawing up a description of a plant, and having ac- 
quired a familiarity with the meaning ana appii(;ation of terms, it is par- 
ticularly desirable that the student should be able to form an estimate of 
the relative value and impoHance of characters for practical purposes ; for 
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instance, those characters which serve to identify and distinguish lar^e 

S B of plants are of more consequence than such peculiarities as pertain 
y to small groups or to individual plants. A^lth a view to fix the 
attention on the more important or cardinal characters, those which are 
of most use in drawing up a diagnosis of a plant or of a group of plants, a 
form of schedule is given ; and the pupil is recommended to make similar 
ones for himself, and by tlieir aid to draw up an account of the more im- 
portant characters of any flowers he meets with, (diecking them and com- 
paring them with the descriptions given in books, or with the instructions 
of his tutor. These schedules should be kept for comjiarison with others 
relating to other plants ; and by this method a practical insight into 
plant-construction, and the relationships of one plant to another, may be 
more speedily and thoroughly obtained than by any other means. The 
s chedules here inserted by way of illustration are filled up from a Common 
Buttercup and from a Dead-Nettle (Lamimn). The cha- 

racters therein given are suflicient to enable the student to determine the 
ardors to whicdi tlu^ plants belong, which is the tirst and most important 
consideration ; hut tliey are not sufficient to indicate the genusy still less 
the particular sjx^.cios. 'Po discriminate these minor groups, recourse must 
had to the otlier j)eculiaiitie.s ))reseiited by the plants in question, as 
b.dbr(^ detailed. 
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G-eneric Character. — The generic character is perhaps the most 
important element in Systematic Botany. It should contain a short 
d ascription of the peculiarities of the group, so as at once to cha- 
racterize this as it exists in itself, and to furnish the means by 
which it may be distinguished from all other genera belonging to 
the same division of the Vegetable Kingdom. The following ex- 
ample of the character of the genus Campanula^ Linn., as given in 
Endli(^her^s ‘ Grenera Plantarum,’ will illustrate this : — 

Campannla^ Linn . — Calgx with an ovoid or suhspherical tube adherent 
to the ovary, the limb superior, five-toothed ; the tfjeth either flat at their 
margins or decurrent into lubes overlying the sinus es. Corolla inserted 
at the summit of the tube of the calyx, more or less c impanulate, five- 
lohed or five-toothed at the apex. Stamcm five, inserted with the corolla ; 
filaments broadly membranaceous at the base, anl, with the anthers, free. 
Oran/ inbudor, three- or five-celled ; cells su])erposed to tlie lobes of the 
calyx. Ondrs numerous, on placentas projecting from the central angles 
of the cell, anatropous. Slt/le covered with quickly deciduous hairs ; 
Htigmas 3-5, filiform. CapeaU ovate or turbinate, 3-e5-celled ; cells burst- 
ing near the top or bottom by a parietal valve turning upward. SeedA 
niimervUis, mostly ovate, flattened, more rarely ovoid and very small. 
JUmbri/o orliiotropous, in the axis of fleshy albumen ; cotyledom veiy short ; 
radicle next tlie bilmn, centripetal. 

Per(*niiial or annual herb -5, sometimes low and tufted, sometimes erect, 
tall, innny-floweiH^d, diffused through all tlie temperate and cool regions 
of the northern liemisphere, forming a great ornament to meadows and 
groves; radical leaves very often larger and more obtme, with longer 
stalks; stern-leaves alternate, varying? ; flowers mostly stalked, racemose, 
rnvtdy spiked or in clusters, very often rather large, blue, or sometimes 
white in the same species.’^ 

The first paragraph hero contains the essential character of the 
genus : the second paragraph is a descri]>tion of the general cha- 
racters of the spennes belonging to it, which is usually appended to 
such complete generic characters. 

It will be observed that this generic character not only enables us to 
distinguish plants belonging to this group, but describes the genus so fully 
that we become acqu tinted with all its important peculiarities, while, 
being drawn up irrespectively of any Order, alliance, or class, it is equally 
available as matt^rial for any Natural or Artificial classification of Flower- 
ing plants founded on the floral organs, since it contains the information 
requisite for ascertaining its relations. 

Diagnosis. — The diagnosis of a genus is more limited in its 
nature and j)urpose. It is used, when genera are described under 
fixed systematic heads, simply for distimdive purposes ; and it is 
therefore confined to denoting what is absolutely necessary for this 
purpose. Thus, in Babingt-on's ‘ Manual of British Botany,’ the genus 
Campanula occurs under the head of the Order Campanulace®, the 
character of which includes much of what is given in the generic 
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character of Campanula^ above cited ; so that it suffices for the 
distinction of Campanula from its allied genera to give the following 
brief abstract, or diagnosis ; — 

Campanula : — Calyx 5-parted. Cor. mostly bell-shaped, with 5 h'oad 
and shallow vsoginents. Anthers free ; filaments dilated at the base. 
Stigma 3-5-fid. Capsule not elongated, 3-5-celled, opening by lateral 
pores outside the segments of the calyx.” 

It is seen at once that this diagnosis fails to furnish the complete 
notion of the genus which is obtained from the descriptive character.^ 
and that it does not suffice to indicate the position of the genus, 
either in a Natural or Artificial classification. On the other hand, 
for its own especial purpose (that is, of indicatiii^ the distinctions 
between allied genera), it may be even still more r(>duced, as is often 
done in w^orks describing the ])lanf s of a limited district, where only 
a few genera occnir in the natural order ; for i^xample, we might 
give diagnoses of the British genera of Cam])anulacem in this way — 

A. ( 'orolla rc)tato, segments liij*‘ar; anthers cohering at the base. 

1. Jasione. 

Corolla rotate, with lin(‘ar segments ; ant hers free. 2. Phyteuma. 

R. Corolla m(‘stly boll-slui]xd, witli broad and shallow segments ; an- 
thers free. 

Capsule not elongated, opening by lateral pores outside the seg- 
ments of the calyx 3. Campanula. 

Capsule linear-oblong, prismatic, opeming by lateral pores be- 
tween the segments of the calyx 4. Specularia. 

(/Opsule half-superior, o])(;ning by valves witliin the seg- 
ments of the calyx 5. Wahlenhergia, 

Specific Character. — The specific character of a plant shoidd 
racrition all the constant distinctive peculiarities of a species. On 
the one hand, it should exclude the gomadc cliaracters which ally it 
toother species of the same genus; on the other, it should exclude 
the inconstant charact ers which distinguish its C)\mi varieties. But 
the character of its ordinary varieties, if such exist, may be given 
in a supplementary paragraph, like that apptmded to the. full 
generic character. The distinctive characters of species are usually 
found in the organs of vegetation, as the root, stem, leaves, bracts, 
and infioresceuce, or in the habit or duration of the plant. The 
floral organs most ly only give specific characters in . their less im- 
portant peculiarities — as in the shape and relative magnitude of 
the petals, the external characters of the fruits and seeds, &c. — 
the more remarkable peculiarities being of generic value. The 
supplementary notices appended to the strict character of the spe- 
cies generally relate to the ordinary dimensions of the plant, the 
colour, taste, smell, &c. of its organs ; these are the marks by which 
the varieties are usually characterized, as will be seen by referring 
to any catalogue of varieties of the ordinary cultivated vegetables. 
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The specific character will necessarily vary in length ac(;ording to the 
richness of a genus in species, some containing many hundreds, while 
others compriHe hut a single one. When the genus contains but a single 
species, as Ine Hop ( Iluimihis Luptdus)^ the generic charaetci* alone suffices 
for distinguishing it ; but a specific character is even then given with 
advantage, indi(;atiug points wiiich are not included in the strict generic 
character. Where a large number of species exist, the genus is generally 
broktiu up into artiiicial sections, characteaiztid by somci mark occurring 
regularly in a certain number, wliich are thus ])laeed under ojie head : 
this saves the necessity of repeating that character for eacli species. ^ It 
is also Cf)mmon in modern wcjrks to combine a diagnosis with the specific 
character, by marking in italics the (^special distinctive marks of each 
species occurring in a ])articnlar group. 

The following exaniph'S will make this more clear: — 

Of L., <»nly six specie^s are descrilM^d in l>e Candolle’s ' Pro- 

droniiis,’ laung all that w(‘re Known in 1S44. Tlie sp(‘cific character of the 
common Ijilac, 8yrln(j<i vuhjarin, could thus be given in a few words: — 

S. vulyarift, 1^. Leaves cordate or ovato-cordate, quite smooth aud of 
even colour j limb of th(‘ cortdla subcoucavo.” 

Pour v.'irieties are characterized, chiefly distinguished by the colours of 
t})e blossoms. 

Turning to the genus Campanula in the sanu^ Avork, w(‘ lijid no l(‘ss 
tliaii 16- .s])(‘cii's. lli'ing a v<‘rv juitural genus, tlu‘ s|)(‘ci(‘s jn’e ke])t toge- 
tluu under one generic name, but, for convenience, tney avi; arranged in 
sections and subs(5Cti()ns. Thus fifty-eight of them are charactm'iztKl by 
tht‘ presence of a]>poiidages on the sinuses of tlie calyx, such as we find in 
tlie garden Canterbury Ikdl {Campamila Medium), tlie remainder 

are without these. Tlie second section, of 1:^4 Hpeeh\s (amojig which aro 
included all our native kinds), is further divid(‘d into subsections, cha- 
racterized princi})ally by the peculiarities of the capsule, and these, again, 
into groups accimling to the Kind of inflorescence, tkc . ; so lliat Avhen w^e 
come to tlie specific cliaracter itself none of these points have to be re- 
peated, and the definitions are restricted Avithin very narroAv limits, as for 
instance. : — 

C. rotiindifoUa, L. Iladical leaves stalked, cordate, rounded, creiiato- 
dentate; stem-leaAH‘s linear or lanceolali; ; teeth of the cal3"x aAvl-shaped, 
erect, one-third the kuigtli of the bell-sliaped corolla.” 

In a Avork dt^vott^d to a limited flora, as that of Britain, Avhere there exist 
only eight species of Cauipamda, avc may adojit the sectional divisions, 
ami limit the specific character as above, or gtee a longer cliaracter, in- 
cluding the marks of tlie sections ; tlie latter plan is the better, where 
^ace is not an obji'ct, since it makes the character itself* more instructive. 
Thus, in the ^British Flora,’ Ave find — 

C rotundifoUa, L. Glabrous; root-leaves subvotundo-cordato, cre- 
nate (A^eiy soon withering), lower cauline ones lanceolate, upper linear 
entire; flowers solitary or racemose, drooping ; calyx-segraents subulate; 
capsule drooping, with the clefts at the base.” 

in Babington’s * Manual,’ on the contrary, Asdiere the subsections 
founded on the capsule are adopted, this marli is omitted in the essential 
character : — 

C, rotundifoUa, L. Itadical leaves cordate or reniform, shorter than 
their stalks ; stem-leaves linear, the lower ones lanceolate ; flowers (Me or 
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morCf racemose ; corolla turbinate-campanulate. — Stem 6~12 inches hijrh. 
Radical leaves soon vanishing j corolla blue ; calyx-segments linear- 
subulate.” 

This example further illustrates the method of giving a diagnosis at the 
same time, by italicizing the characters by which the species is distin- 
guished from its nearest allies ; it also shows the manner in which expla- 
natory or descriptive notices are added in a supplementary paragi-aph to 
the essential specific character. 

Lastly, if we have to deal with a limited number of species, such 
as the Rritish Bell-flowers, to which we have just referred, we 
may, for simple purposes of distinction, construct a diagnostic 
table, like that above giA en for the genera of Cainpanulaceae. 

Blowers sessile, in terminal or axillary clusters ; cap- 


sule sessile, erect, with the pores at the base . . C. glomeraia. 

Flowers in racemes or panicles ; capsule stalked. 

Capsule nodding, with the pores at tlic base. 

Flowers in a unilateral raceme, segments of 

calyx ultimately rellexed C. rapuncidoidts. 

Flowers racemose, segments of calyx always 
erect. 

Peduncles 1-flowered C latifoUa. 

Peduncles 2-4l-llowered C. Trachelium, 

Flowers on long slender stalks, solit-ary, or in 

a lax few- flowered corymbose raceme . , C. rotundifolin. 


Capsule erect, with the pores just below the 
segments of the calyx. 

Segments of the calyx entire. 

Segmeuls of the calyx lauceolate; raceme 
few -flowered, or flower solitary . , C. persicifolia, 

Segmeritsofthecalyxawl-shaped j flowers 

in an erect racemose panicle . . . . C. Itapunculm. 

Seiyraents of the calyx toothed at the base ; 

flowers panicled, erect, on long stalks . C. patula. 

A few of the general rules observed in writing descriptions of 
plants may be mentioned here, as explanatory of certain techni- 
calities which will bo met with in systematic works. 

The generic name is always coinmonced with a capital letter, 
while that of the species is usually written small : but we find in 
most books a capital letter to the specifi.c name, 1, where this name 
is the appellation of another existing or suppressed genus used ad- 
jectively, as Agrimonia Eupatorium^ Mentha Falegium^ ; 2, where 
the specific name is formed from a proper name, either as the 
genitive case of a substantive or in the adjective form, as in JScirjpus 
iSavii and Carex Davalliana, Specific names derived from coun- 
tries are now xisually w ritten small, as Silene cmglica. 

When a generic character is written in Latin, the descriptions 
of the organs are all put in the nominative case ; in a specific cha- 
racter they are put in the ablative. 
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When describing a species, it is usual to subjoin its habitation 
(Hahitat) — ihat is, the nature of the places in which it is usually 
found, such as “ Woods,’’ “ Dry hilly places,” “ Eivers,” &c. In 
general systematic works the native country or province is stated ; 
in works relating to limited districts, special localities are given for 
rare plants. 

The following marks and abbreviations are commonly in use to 
indicate certain other poixits : — 


© 


or A =:an annual plant. 


or 11 =a biennial, 
or P =a perennial. 
Sh==a shrub. 

T ==a tree. 


S y a male flower, 

5 , a female flower. 

^ , an hermaphrodite flower, 
(5 5 > monoecious plant, 
c? - $ , a dioecious plant. 


The time of flowering is indicated by numbers, referring to the 
months, as (3 -8 or vi~viii= June to August, &c. (8ee also p. 103.) 


Many other signs are met with in Systematic works, but they are very 
often used in different senses by different authors, -so that no general ex- 
planation of them can be given ; moreover the sense in which they are used 
IS generally explained by the author. 


CHAPTER II. 

SYSTEMS OF CLASSIFICATION. 

Sect. 1. Artificial Classification of Plants. 

An arrangfcunent of all known species of plants in a series of 
classes, constituted upon certain fixed principles, forms what is 
termed a System of Vegetables. 

The classification of plants by generalization, the Synthetic or 
Natural Method, is adopted in aU cases in forming the groups of 
the lowest rank, namely Geneva, These are established by the 
combination of a number of allied species under one name, on 
account of their affinities; and, as we have already mentioned, 
the same genera are used in all Classifications. 

Ifrom this point Systems diverge. The Natural Method is pur- 
sued further on the same principles of generalization, where the 
object is to systematize acquired knowledge, mark the agree- 
ments and determine if possible the lineage of plants. Where, on 
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the other hand, it is chiefly desired to mark out the differences of 
plants, in order simply to their easy recognition, Artijhial Methods 
are resorted to, which are carried out by a principle of analysis, 
whereby the whole mass of known forms is taken and gradually 
parcelled out into Classes, Orders, &c., according to their agree- 
ment or difference in certain lixed characters. 

Most of the older systems were more or less Artificial, the earliest 
commencing wdth the division of plants into Trees, Shrubs, and 
Herbs, Land -plants and Water-plants, and the like. As advances 
were made, organs of more and more importance were chosen to 
furnish characters ; and we find plants subsequently classed by 
their corollas, by their fruits, &c. ; but in none of the systems pro- 
posed before the time of Linnaeus do we find one given princix^le 
carried out through the whole. 

The Linnsean System. — Wlien Linnaeus entered upon his labours, 
there lay before him a mass of information in a very unmanageable 
condition. His reforming genius introduced order, in the first 
instance, by the substitution of short fixed names for species, on 
the binomial plan, by the definition and secure establishment of im- 
perfectly character iy^ed genera and species, and then advanced to 
the necessary task of arranging the genera so as to render them 
recognizable. The artificial methods founded on the floral enve- 
lopes &c. had proved insufficient ; and therefore he turned to the 
essential organs of flowers, the physiological importance of w^hich he 
himself contributed greatly to establish. The selection of these 
organs resulted in the formation of an Artificial System in which a 
fixed principle is regularly carried out, and which, from the phy- 
siological importance of the characters employed, approaches in 
certain of its coordinations to a natural arrangement. 

Species and Genera form the foundation of all Systems. The 
object of the Linnasan System was to arrange genera in groups 
characterized by simple striking marks, so that the existing 
description of a given plant might be readily found, or the de- 
scription of a new plant might be placed where it would be easily 
referred to. Such marks Linnaeus obtained in the essential ot 
sexual organs of plants (in flowers, the stamens and 2^Mls), whence 
his System is sometimes called the Sexual System. The highest or 
most general groups, which he called Classes, are founded on the 
conditions of the stamens. These Classes are subdivided into 
Orders, founded either on the conditions of the pistils or upon 
secondary characters of the stamens. The orders include the Genera 
(in large Orders grouped into sections according to various artificial 
characters). The LinnsBan Classes are twenty-four in number, of 
which the first twenty-three include all Elowering Plants; the 



STSTEHATIO BOTAanr. 


twe]^tiy*fouA, Cryptogamia, includiug all Flowerless Plants, wto 
a when first established, and its subdivisions were not then 
definable by single characters. As the Linnsean system is no longer 
in use, further mention of it is not needed. 

Sect. 2. Natueal CLAssincATioiir or Plaints. 

In this method of classifying we pursue the same path by which 
we arrived at the genera, and combine these into more general 
groups, not according to arbitrarily chosen or isolated characters, 
but according to their natural afiiiiities— that is, the agreement in 
their total organization, and consequently their presumed degree 
of kinship. Genera are thus gathered together into Families or 
Orders, these into Cohorts and Classes, and finally the entire 
Vegetable Kingdom becomes marshalled into a few ‘ Frovimes or 
Suhlclngdoms* 

It is evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a kind of abstract 
picture of the Veg^eUihle Kiu^dom, in which all its essential characters 
would be represented in tlieir real proportions, places, and connexion. 
Not only, however, are wo far from being ac(piainted with all exist- 
ing plants (not to^ mention the numerous kinds now extinct), but the 
essential peculiarities of a vast number of the known plants Jia'\'e been 
as yet but imperfectly studied. Hence we have at present various plans 
for the Natural Arrangement of plants, presenting peculiarities depen- 
dent upon the amount of knowledge, or the peculiar views, of their re- 
spective authors ; which plans or Systems must bo regarded as so many 
rough draughts or sketches, to serve as material foi’ the elaboration of the 
true and complete Natural System. As the principles of classification are 
fully recognized, and as the amount of plants thoroughly known is already 
very large, there is a close agreement in the general features of the dif- 
ferent Natural Systems^ and espcicially in the manner in which the 
Orders of plants are defined. The cmief diversities of opinion arise out of 
the different estimations of affinities and differences of the families. 

Value of Characters. — To characterize the Natural Method more 
distinctly, it must be added that especial attention is paid to the 
relative importance of the characters presented by each plant, a 
determinate scale being formed, in which the organs are ranked 
according to their “ congenital ” or “ acquired origin, their phy- 
siological importance, the complexity of their construction, and 
their comparative invariability. Congenital characters are common 
to the largest number, and are the most constant, hence the most 
important. 

Thus, while species of the same genus, distinguished generally by the 
extenml characters of their vegetative organs, are combined by likeness 
in their flowers, genera (in which difference of the floral envelopes, or of 
the external chaj^ter of the fruit, or some such character exists) are 
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combined into an Order on account of tbe agreement in tbe etructnie of 
the ovary and its relations to the floral envelopes. The characters of seeds, 
and mor^articularly of the embryos, give a still higher divisional cha- 
racter. These characters of successively higher groups are marked in 
organs of progressively higher physiological and morphological impor- 
tance, aftinities between such organs being proportionately more valuable. 
But they possess this value not merely on their own account ; for if that 
were the case, the method would be still to a great extent artificial : they 
indicate the coexistence of proportionate agreement in the total organi- 
zation, which renders them exponents not merely of the affinities of the 
plants in reject to the particular structure to which they belong, but of 
all their afiinities, and of the rank which a given plant holds in the 
Vegetable Kingdom. As a general rule, it is found that the agreement 
of the total organization of plants is generally proportionate to the phy- 
siological value of any given organs in which they agree ; or, in other 
words, agreement in the structure of any given organ indicates general 
agreement in all the organa of less importance than itself. The agreement 
hero referred to is of course a general structural agreement, a relation to 
a common type — not a resemblance excluding the multifold minor diver- 
sities which present themselves within the limits of almost every type. 

Practically, moreover, we have another principle to keep in view, 
which indeed, while it affords as it were the verification of the in- 
ductions of the above principle, is our sole guide in dealing with 
the subdivisions of the more comprehensive types. This is the rule 
that the closest ailinities are marked by the agreement in the majo- 
rity of characters of equal importance ; or if the characters, as is 
more commonly tbe case, are of unequal importance, the principle 
of decision by the majority is carried out by ascertaining tJie pro- 
portionate values of the organs in which agreements and differences 
exist, and striking a balance as \^uth equal factors. 

Many of the older botanists had attempted to construct a Natural Sys- 
tem ; and Linnaeus left a sketch or fragment of one, in the form of a list 
of names of families without definitions, regarding its realization as the 
ultimate aim of Botany. Many of the families in these older Systems are 
gi'ounded almost exclusively on “ habit, or g(3neral external character. 
Tffie two Jussieus, Bernard "and Antoine-Laurent, have the merit of the 
discovery of the only principles upon which a really Natural System can 
be founded. And so accurately did A.-L. de J ussieii carry out these prin- 
ciples in his arrangement of the then existing genera, that the families 
which he established are still almost all received into our present Systems, 
where some of them are indeed broken up into smaller groups, but where 
the greatest increase in the number of families arises from subsequent 
discoveries. 

The characters of the natural Families established in this way will be 
found to be fax less exact and definite than those of the Linneean classes and 
orders, and by no means so rigid even as those of natural genera. The cha- 
racter of a family is founded on the totality of its essential characters, and 
includes the essential characters of agreement of all its genera. The genera 
contained in most of the families exhibit a considerable range of differences ; 
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allowaiKie must be made for these ; and this gives a laxity to the famUy 
character which is puzzling to the beginner. For example, the family 
Kanunculacem is very natural ; but we find in its character a certain range 
of difference allowed for in the sepals, petals, pistils, and fruit ; the insertion 
of all these, however, and that of the stamens, is fixed, and so is the cha- 
racter of the seed. Similar conditions occur in most other families. The 
decision as to what family a genus is to be referred to is made according 
to the principle of majorities : whichever it agrees with in vnost of its cha- 
racters (say, even three out of five), to that family it belongs. Great diffi- 
culty, however, exists in certain cases from a vast series of genera running 
into one another by almost imperceptible gradations, and this in different 
directions. A considerable number of these agreeing closely are associated 
into a family ; another similar group forms another family, and so on ; and 
then, in the course of time, sundry intermediate genera present themselves, 
which connect the established families, and which it is difficult to place by 
the usual choice in either one or the other, the characters being balanced. 
Thus the Natural family Loganiacem is connected by “ aberrant genera 
with Kubiaceao, Gentianacere, Scrophulariacem, and other families which 
are truly natural, but which in this way come to be separated by somewhat 
indefinite boundary-lines. The fact is, that the Vegetable Kingdom is a 
whole, the families having seldom a distinct isolated existence, except in 
the minds of botanists. It may be presumed that they are all variations 
from one or a few original stocks, and thus have numerous intermediate 
or connecting links ; and we must regard thorn as analogous to countries 
on the globe, which are parcelled out under distinct names, hut most often 
adjoin and run into one another, being only separated by an arbitrary 
boundary-line. Some, indeed, lie off from the rest, like islands, the inter- 
vening links being extinct ; but these are the exceptions. Such excep- 
tions are found among the families which were established by the older 
botanists, in which the essential agi’eements are accompanied by a striking 
character of external habit, as in the Grasses, the Unibelliferje, the Com- 
positae, the Leguminosao, the Coniferae, the Palms, &c. Such remarkable 
peculiarities as these families possess mostly prevent them being broken up 
into smaller groups, as has occurred to many of the earlier orders of large 
extent j and most botanists prefer to distribute these genera into mhorders 
father than discard the characteristic general name. Examples of these 
are found especially in the Leguminosae, Kosaceae, and Compositas. 

The Families or Orders are for the most part the same, in all 
essential respects, in all existing “Natural Systems.” A conside- 
rable diversity presents itself in the modes in which different 
authors have grouped these into Classes or Alliances, These, how- 
ever, are still Natural groups, as are also those of still higher gene- 
rality indicated in the chapter on General Morphology. But all 
writers on Systematic Botany have found it requisite to group the 
Orders or Classes of Flowering Plants into sections of somewhat 
less generality than Dicotyledons and Monocotyledons, as these 
respectively include series of families so extensive as to be incon- 
Tenient in practice if left undivided. The members of these series, 
however, are so intimately connected together by their natural 
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affinities, that it has been found indispensable to have recourse to 
certain arbitrary or artificial characters for the foundation of the 
sections — characters derived chiefly from the conditions of the 
petals and stamens. The nature of these Sections will be best un- 
derstood from the examples which follow. 


The Jussieuan System. — Jussieu established his primary divi- 
sions of the Vegetable Kingdom on characters which, although not 
unexceptionable, define really natural groups, which are found 
under different titles in all Natural 8 y stems. The characters 
were the absence or presence of the embryo, and its structure when 
present, in the seed. On these characters stood the three divisions 
Acotyledons (plants without an embryo). Monocotyledons, and 7Jieo- 
tyledons. The first of these names is bad, as founded upon a neya-- 
five character ; but the plants which it included were imperfectly 
understood in the time of Jussieu ; the Acotyledons correspond to 
the Cryptogamia of Linnajus, which are now by more complete 
analysis distributed into two sections, divided by even more im- 
portant characters than the Monocotyhidons and Dicotyledons. 
The other two divisions are still retained, with very slight modifi- 
cations, in all Systems, but are subordinated under divisions founded 
on more important characters. 

The following Table exhibits Jussieu’s arrangement: — 

Class 


Acotyledons . . . 
Monocotyledons 


Dicotyledons 


Apetalous 


Monopetalous 


Stamens hypogynous 
,, })erigynous 
„ epigynous . . 
Stamens epigynous , . 
„ perigynous 
„ hypogynous 
Corolla li} pogynous 
„ perigymous 


„ epigynous 


{ Stamens epigynous . 

„ hypogynous , 

„ perigyhous 

Diclinous, irregular 


( Anthers 
coherent 
Anthers 
distinct 


I. 

11 . 

in. 

IV. 

V. 

VI. 

VII. 
VIII. 

IX. 


X. 


XI. 


XII. 

XIII. 

XIV. 
XV. 


The three primary divisions here are natural ; the Classes must be re- 
garded as artificial; the Families, however, into which the latter are 
uirided, are natural groups, and to a ^eat extent are retained in more 
modem systems. The families of Jussieu were more carefully defined, 
corrected, and extended by liobert Brown, whose researches contributed 
most essentially to the establishment of the Natural System j but he did 
not attempt to establish any general plan for their coordination in Classes. 
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System* — Aug. Pyrame Be Candolle endeavoured 
to tbe Vegetable Kingdom on principles more in harmony 
with the knowledge of the structure of plants accumulated since 
the promulgation of Jussieu’s System. Be Candolle’s System has 
become very generally used, on account of its having been adopted 
in the great Bescriptive work w^hich he commenced, the ‘ Prodromus 
Systematis Naturalis Eegni Vegetabilis,’ a description of all known 
species of plants. His subdivisions of the Exogens (or more pro- 
perly Bicotyledons) are retained in many w’orks , They are artificial, 
like the “ Classes” of Jussieu, but are, like them, convenient for the 
distribution of the families into groups of manageable dimensions. 
They are four in number, and founded on characters of the floral 
envelopes, viz. : — 1. Thalamivlorje, in w-hieh the petals are distinct 
and (like the stamens) inserted on the receptacle (hypogynous) ; 
2. CALTCirj.oiiji!, with the petals distinct or coherent and (with the 
stamens) inserted on the calyx (perigynous) ; 3. CoeollieloRjE, 
with the petals coherent, and inserted on the receptacle (the stamens 
being inserted on the corolla) ; and, 4. Monociilamyde^, or plants 
with a perianth or a single circle of envelopes. 

In Be Candolle’s enumeration of the families, whicli had greatly 
increased in number from Jussieu’s list, the reverse order of 
sequence is follow^ed, tlui higher plants standing tirst. As regards 
this j)oint, however, it is a misconception to place the TIialamTjlorcB 
first among the Bicot yledoJis, since they are manifestly inferior to 
the Calyctflorw, and even to the CorolUfiom. 

Baring the last forty years a great many attempts have been 
made to distrjbuto tbo Orders more sntishwtorJJy into Classes and 
primary Divisions. Eridliclier, J3artling, Meisner, Brojigniart, 
Lindley, and umny other authors ha\e published Systems of their 
own. 

Endlicher’s System. — That of Endlicher has been extensively 
used, and, moreoAer, is the basis of arj-angement in his great 
‘ Genera Plan tar urn.’ 

Begiou 1. Thallophyta. Sect. I. Peotopiiyta; II. Hysteeo- 

PHYTA. 

Begiou 2. Connophyta. 

8ect. III. Aceoerya. Cohort 1. Acrobrya anophyta; 2. 
Acrobrya pio ophyta ; 3. Acrobrya hysterophyta. 

Sect. IV. Amphibeya. V. Acuampuibeya. Cohort 1. Gym- 
nosperrneie ; 2. Apetalae ; 3. Gamopetal© ; 4. Bialype- 
tnlse. 

The cohorts are subdivided into classes, and these again into orders. 
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Bronpiart’s System. — The aaraaigement of Brongniart is much 
followed in France. Its general character may be understood from 
the following table : — 

Division L Cr 3 rpt(^am». Branch 1. AMsmamm (Thallogens) ; 
Branch 2. Acbogenj*. 

Division II. Phanerogam®. 

Branch 3. Monocotylebones. Series 1. Albuminosao ; 2. Ex- 
albuminos®. 

Branch 4. Dicotylebones. 

Subbranch 1. Anglospermm. Series 1. Ganiopetal®: 
§ i. PerigyniB ; § ii. lIypogyna>. Series 2. Dialy- 
petaloB : § i. ITypogynje ; § ii. Perigyna}. 

Subbranch 2. Gymuospermce, 


Lindley’s System is the one proposed by its distinguished author 
in his ‘ Yeget-nble Kingdom.’ Although the system itself w^as never 
generally adopted, the book itself is an admirable encyclopaBdia on all 
points relating to Systematic Botany and the uses of plants up to the 
date of publication. Lindley’s main groups wore : — 1. TiiAiihOOENS; 
II. Aorogens ; 111. Ehizouens ; lY. Enbooens ; V. Dictyogeks ; 
Yl. Gymnogens ; Yll. ExoGETfs ; the latter being subdivided into 
Diclinous, Ilypogynous, Perigynous, and Epigynous subclasses. 
The subclasses were again divided into allianc(\s, and these into 
orders. The special peculiarity of this system is the formation of 
a group for certain root-parasites, destitute of true leaves ; and of 
Dictyogeiis — a class of jjlants with the netted venation of Exogens 
and the ternary flowers of Endogens. 

Bentham and Hooker’s System. — Since the publication of the 
‘ Yegetable Kingdom ’ a very important work on Systematic Botany 
has been commenced by Mr. Bentham and Sir Joseph Hooker, 
entitled * Genera Plantarum.’ This work, so far as at present 
published, comprises a description, in Latin, of all the known genera 
of Polypetalous and Gaiiiopetalous Exogens, together wdth analy- 
tical tables admitting of the ready determination of any particular 
genus, notes of aberrant or exceptional forms, &c. Their scheme 
is more fully explained in the English translation of Le Maout and 
Decaisne’s ‘General System of Botany,’ edited by Sir Joseph 
Hooker. Its main features are given in the following table. The 
arrangement of the Monocotyledons, however, is taken from Mr. 
Bentham’s paper on the classification of Monocotyledons, in the 
* Journal of the Linnean Society ’ for November 1870. 
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Subkingdom I. PHANEROGAMIA. 

Class I. Dicotyledones. Subclass I. Angtospebme.®. Divi- 
sion 1. Polypetalce, Series 1. Thalamifioriie ; 2. DisciflortB; 
3. Calyciflorae. — Division II. MonopetaLv. Series 1. Epi- 
gyme ; 2, Hypogyinc v. Perigynaj. — Division III. Apetcdce, 
Series 1. Hypogyna^; 2. Epigynae v. Perigyiiaj. — Subclass 
II. GrYMNOSPEllMEAi). 

Class II. Honocotyledones. Series 1. Epigynse; 2. Coronariae; 
3. jyuclif3ora3 ; 4. Gluinales. 

Subkingdom TI. CRYPTOdAMIA. 

Class III. Acrogens. 

Class lY. Tballogens. 

Subordinate to the “ series ’’ are cohorts/’ or groups of orders of equal 
value, though with different limitations, to the “ alliances ” in Jdndley’s 
‘ System.’ The only point which requires explanation here is the series 
I)uciflora'^ w’hich includes those polypetalous hypogynous orders in which 
there is a conspicuous hypogynous disk or series of glands, into or be- 
tween which tne stamens are inserted. 

Bratui’s System. — In Germany the classification of A. Braun is 
now much followed. The follox^dng are his main groups of Phane- 
gams as modified by lianstein, {Sachs, and others : — 

DICOTYLEDONES. 


Mono- 

Juli£lor». chlamydeae. AphanocyclaB. Tetracyclas. Perigyna. 

Piperinea 3 . Serpentariem. Hydropeltidinese. Oatnopetalce, Calyci- 
Urticinea^ Rhizauthese. Polycarpao. Anisocarpjje. flora). 

Amentiferae. Cruciflorce. Isocarjijc. Corolli- 

^ , flora. 

/3. Elvnfhero- 
peUila;. 

Eucvchc. 

Ceutrosperma, 

Discophora. 


Juliflora correspond nearly to Amentales, and are characterized by 
spicate or amentaceous inflorescence, diclinous flowers, and mono- or 
achlamydeous flowers. Monochlamydea have a well-marked perianth 
of one row ; Aphanocycla have calyx and corolla, the parts of the flower 
^xcept in some cases the carpels) being arranged in spiral cycles. In 
Tetracyclce the parts of the flower are in whorls. This group comprises 
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the Thalamifloral, Calycifloral, and Oorollifloral divisions of De Candolle, 
Peiigynee : perianth tubular below, bearing the stamens, and free irom 
or adherent to the carpels. In this group the Calyciflorae have a single 
perianth, the Corollitlorai a calyx and corolla. 

Classification of Crjrptogams. — This is in a transitional state. 
The following is the latest arrangement, adopted by Sachs. It 
will be seen that the orders are arranged in two parallel series, 
according to the presence or absence of chlorophyll. 


Group I. Thallophyta. 


Class 1. Protophyta. 


With chloroph}’!!. 
Cyanophycvfo. 

Chniococcacesc. 

Oscillatorieje. 

Scytonenicje. 

Nostocaocfc. 

Kivulariacete. 

Pahnelhcecc, 

Euyhmtv.. 


Without chlorophyll. 
SchizoniyvctvH. 

S])lKcrol)a,cteria. 
INI icrobaetoria. 
Desniobacteiia. 
Spirobacteria. 


Saccharomyces, 


Class 2. Zygosporeic, 

A. Conjugating cells motile, 
Volrocineep. Myromycetes, 

\Ily(lrodictye(e, ] 

Conf(;rvace<c. 

Uhacece. 


B. 

Conjiiyatec. 

Desniidieae. 

Diatoiiiaceje. 

Mesocarpea?, 

Zygneuieeo. 


Conjugating cells stationary. 


Zygomycetes. 

M ucorini. 
Piptocephalidse. 


Splmrvplea, 

Vaucheria . 
(Edogoniece, 
FucacetB. 

[^P1i(BOBpore(B.‘\ 


Class 3. Oosporeae. 
Ccelohlastce, 


(5 


SaprolegniesB. 

Peronosporeae. 
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With ohlorophylL 
CohochcetiSB. 

Fhridece. 

Neraaliea3. 

Ceramiese. 

Dudresuaya. 

Clxaracem* 


Class 4. Carposporeae. 

Without chlorophylL 
Ascomycetes. 

Gymnoaacus. 
Discomycetes. 
Erysipheae. 
Tuberaceae. 
Pyrenomycetes. 
Lichenes ? 
JEcidioinycetes, 
liamUomycitvA^, 
Exobaaidium. 
Tremcdlini. 
JTyineiioiiiycetes. 
(xiisteromycetes. 


Croup IT. Cormophyta. 

Scries T. EinopiiyTA. 

( 'lass 1. Miisci. 

Class ''I. JIopalica\ 

Series IT. Ptkkidopuvta. 

Class 1. Eilicali‘s. 

i. ISUituldtr^. 

Ophio^dossea). 

Marattiactai. 

ii. Filiecs, 

iii. liJdzocarpctc. 

Class 2, E([uisetac(‘a}. 

Class 3. DiehotoiiKC. 

i. Lycopodufccfr, 

Jjycopodiea). 

Psilotefc. 

PhylloglosseoB. 

ii. Lufulattc, 

8t.da<iiiiellt*a'.. 

Isoeteub. 

Caraers System. — Quite recently an arra7igomcnt has been pro- 
posed by Processor Camel, based on the circumstance that there are 
in the same individual plants sexual forms or stages, male or female 
as the case may be, and an asexual or neutral form ; thus in Phane- 
rogams the asexual form is the embryo developing indefinitely and 
becoming ultimately an adult plant, which latter produces a male 
form, the pollen, and a female form, the ovule, which becomes a 
seed with definite evolution, containing “ oospheres ” or germinal 
vesicles in a closed “ oogonium ’’ or embryo-sac. The following 
are the outlines of the scheme, which we give in this place, though 
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it cannot be understood by the pupil until after he has made 
himself acquainted with the morphology and physiology of Cryp- 
togams and Phanerogams and the details of the reproductive pro- 
cess in the several orders. 

CarueFs primary groups are : — 

I. Ph:aneeoqam-E. — P lants trimorphic, one form neutral, pro- 
ducing agamically two sexual forms, male and female respectively ; 
neutral form originating from a fertilized oosphere and dc'velopiug 
into a pro-embryo, like the embryo original ijig longitudinally ; 
evolutio]! indelinite. Male form represented by the pollen in the 
anther. Pemale by the ovule, ultimately tlio seed : evolution defi- 
nite, containing the oospheres in a closed oogonium. 

II. 8cirTSTO(j/V m.t :. — Plants trimorphic. Neutral form origina- 
ting froin a fertilized oosplunv, de\(‘lo])ing, like tlie embryo, trans- 
versely ; e^Tdution ifiddin ite. Male form a vermiform phytozoon 
(spiral spermatozoid) formcMl uithiiian {nnhorocyst. Peraale form 
aji oogemnia, then a seininulum, with d(‘linile evolution, containing 
an oosphere in an opi'ii oogonium. ((.Ijaracem.) 

III. PEOTHAiiLOOAM.E. — Plants triinorj)hic. Keutral form pro- 
duced from a fert ilized oosphere, do^'eIo[)ing, like the embryo, trans- 
versely : ('Volution indeiiniU.*. Mak^ form a vermiform phytozoon 
formed within an antheridium. I'emale forju a sj)ore, developing 
into a prothallus: oA'olution definite, containing a nakc^d oosphere 
within an archogonium. (Vascidar Cryptogams.) 

IV. Bhtogam.e. — Plants trimorj)hi(‘. Xtuiiral form originating 
from a fertilized oosphere, d('V(‘1oping, like the (miliryo, longitu- 
dinally : (ivolution detiiiit(\ Mah^ form a vi^.rmit'orm phytozoon 
from an antheridium. h\*male form a s])or(*. de>'C‘loping into a 
thallus or“eormus evolution indefinite, and containing a naked 
oosphere in an archegonium. (Muscineac.) 

V. CrYM.TVOGAM.E. — Plants di-, trimorplvic. In 1h(j trimorplnh^ 
form the neutral forjn isau oos])ore arising directly from a fertilized 
o()S])here : evolution indelinite. Male form a zoosporiform phyto- 
zoon from an ant heridium. Pemale form a spore devedoping into 
a thallus : evolution indefinite, containing an oosphere in a naked 
open oog(miinn. In the dirnorpldc plants, two sexual forms only, 
tlio male a phytozoon or pollinidium. in the monomor])hic plants 
a single form without sexual distinction : e^ olution detinite or in- 
definite. (Cellular Cryptogams.) 

In the following pages the arrangement adopted is, for Dicoty- 
ledons mainly that of De Candolle, for Monocotyledons that of 
Bentham. 
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VEQETABLE KINGDOM. 

Siibkingdoiii I. PHANEROGAMIA. {Flowerhuj Plants.) 

Class I. DICOTYLEDONES. {Exocfem.) 

Hubclass i. ANGIOSPEliMIA. 

Division 1. Polypetalae. 

Series 1 . Thalamiflor.e. 

„ 2. Calyciflobje. 

Division 2, Gamopetalae or Corolliflor®. 

Series 1. Inpeb^ or Epioyn.e. 

„ 2. Supers. 

„ 3. DlCATlPIAil. 

Division 3. ApetalsD or Incompletae. 

Series 1. Sfpeii^. 

„ 2. Infer. E or EpiGYNyi:. 

Subclass ii. GYMNOEPPmMTA. 

Class II. MONOCOTYLEDONES. {Ewlogem.) 

Division 1. PetaloidesB, 

Series 1. EpurvisyE. 

„ 2. (\)Itf)NARIE.E. 

A. Syiicarpioe. 

B. Apoc-arpice. 

Division 2. adiciflorae. 

„ 3. GlumiflorsB. 

Snbkingclom II. CRYPTOGAMIA. {Fhirerless Plrmts,) 

Class I. COBMOPIIYTA. {Acrogeus,) 

Division 1. Vascularia. 

Scries 1. IsospoBEV. 

„ 2. Keterosporia. 

Division 2. Muscinese. 

Class II. TIIALLOFHYTA. (Tltaflm’m.) 

Division 7. Algw. 

„ 2. Fungi. 

In the following systematic description of the Natural Orders, the 
characters of the most important are given at kmgth, witli the necessaiy 
particulars respHtting tlieir affinities!, geograpliical distribution, and the 
qualities of the more important plants they contain. To most is prefixed 
a short diagnosis ; and a similar diagnosis, or a few explanatory remarks, 
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printed in smaller type, are accorded to tliose Orders which either are not 
marked by very decided cliaracters, or which do not demand so much 
attention irom the beginner. In most cases the views of other botanists 
as to the position and limitation of the groups are briefly mentioned. 
Tinder each Order are placed the names of one or more genera which 
furnish good illustrations and which are generally accessible for practical 
examination. 


CHAPTER III. 

SYSTEMATIC DESCRIPTION OF THE NATURAL ORDERS. 
THE VEGETABLE KINGDOM. 

SuBKiisrGDOM L PHANEROGAMIA, or PLOWEEING PLANTS. 

Plants producing stamens and pistils in association or separately, 
and forming seeds containing an embryo. 

Class I. DICOTYLEDONES. 

Flowering Plants, with stems (when woody) having pith and 
bark separated by a compact layer of wood, which, in perennial 
plants, receives annual additions on the outside, beneath the bark ; 
leaves with the ribs mostly distributed in a netted pattt'xn and 
generally diminishing in size as they branch ; parts of the floral 
circles mostly 5 or 4, or some multiple of tliose numbers, rarely 3 ; 
embryo with a pair of cotyledons and a radicle, which is developed 
into a tap-root in germination. The typically complete floral 
formula, su})posing tlie ])arts to be uncomplicated by adhesions, 
irregular growth, multiplication, <tc., is P5 A5 G5, in regular 
alternation. 


Subclass I. ANOIOSPEEMIA, 

Flowering Plants, M'ith the ovules formed in closed ovaries. 
Endosperm formed after fertilization. Pollen-cells not dividing 
prior to the emission of pollen-tubes {see under “ Reproduction ”). 

Division I. PolypetalaB. 

Petals distinct, rarely absent or united. 

Exceptions. — Hooker notes the following exceptions. Apetalous flowers 
occur in some sj^ecies of Menispermacese, Cary^hyllacem, Malvaceae, 
Sterculiaceae, Tiliaceae, Rutaceae, Simarubaceae, Burseraceae, Olacaceae, 
Celastraceae, Saxifragacem, Crassulaceae, Myrtaceae, Passifloraceae. Ape- 
talous flowers also maybe met with insonie Kanuncularteae, Magnoliaceae, 
Berbeiidaceae, Sarrapeniaceae, Papaveraceae, Cniciferae, Canellaceae, 

o 
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Fig. 330. Figr. 332. 



Fiir. wo. NeMrcd-vcinod leiil of a Bicotylwlon. , , -itpraotina 
Fitr. Quinary plan of iho flowor, the parts regular y R* 

Figs- iiS2 & 5133. DicotylcdonouM embryos. 


Fig. 335. 



Figs. 334-338 are illustratiTC of the Bubclasses of Diootyledons. 

Fig. 334. Thalamiflora; {Banvnmlus). Fig. ;'36. CalyeifloraD, epigynous (Fcenieulum). 

Fig. 33S. Calyciflorse, perigvnouB {Frunvg). Fig. 337. Corolliflorse (^jfiuphjffum). 

Fig. 338. IncompletiB (MonochlainydtflB)(l7/mu«). 



TlTALAMIFLOJtJS. 


195 


Bixacete, Violaceas, Zygopliyllacea?, rreraniacenn, Bbamimcoro, Sapindacene, 
Terebiutliacefc, Rosacefe, Hamamelidaeea3, J3aLsnniidor.‘i[?, lT{ilora,^oicerti^ 
Guiineracefe, Callitrichaceje, Rliizoplioraceoe, Oombretacf'.ne, I^ytliracere, 
Oiiagraceno, .Saniydacoa^, LoasacesB, JJatiscaceai, Ficoideje, Tetrngoiiiacea^, 
Coniacca3, and Garryaceae. 

Plants with connate petals occur in the following usually polypetalous 
orders : — Anonacese, Pittosporacea?, Polygalacea^ Portnlacaceje, Tamaris- 
caceje, Ternistroeiniacca^ 1 Hpterocarpacoa', Jlinniriacea', IHosiueic, Pal- 
saniinicejc, Meliacefc, Stacldioiisiaccfe, Droscracejc, Hriiniac(‘;e, Napo- 
leonete, Melastomaceai, Tiiriieraceie, Chicurbitacejn, Cactaceie, etc. 

Series 1. T n l a m i f l o n jf. 

Calyx, corolla, and stamens usually free and springing directly 
from the thalamus, or from the outside of an hy])ogynous disk. 

Exceptions.-- Thfi following are noted by Hooker. (k.^nnate sepals occur 
in a few orders. The calyx isadnate the ovary, or to a lleshy tlialaTniis 
in Pcpniiia (Kanunculacem), Calvcaiitbaceje, some y\noiia,c('a]!, Nymph, -e- 
aceje, Portidacacoje, Oapparidaceae, Pixac.e;e, Polygalnc<*.'e, Ternstrce- 
niincOi'e, Vocbysiaceno, 'filiacea?, and Dipterocarpaceai. '^^I’lie slaimms are 
perigynoiis in some Dilltmia.cea'i, Papaveraccsa*, C^apparidara'.a', Morin- 
ga.c(‘{e, Itewsedaceje, Violaceje, (/aryophyllacejc, I’ortnlacaceie, Malvaceae, 
and Sterculiacefc. 

Okdfr EANUiSCIJLACEA^. Tjib Crowfoot Okbkk. 

Cohort, llanalcs, Benlh. et Ilooh, 

Diagnosis. — Herbs, or climbing sbrnhs, w itb a eolonrh'ss acrid 
]uice ; leaves alternate, randy opposite, simple or deeply divided; 
leaf- stalks often sheathing at the base ; llowers regular or irn'gular, 


Eiff- S40. Fig. 341. 



Pig. 389. Achcni) of l^anunculu’i, cut vertically to show the seed, with an embryo at the base 
of iH'rispt^rm. 

Fig. 340. Flower of Aconite, side view, showing the irregular petaloid calyx. 

Fig. 341. The same, with the sepals removed, showing the singularly formed petals and 
the numerous hypogynous stamens. 

polypetalous or occasionally apetalous, with the calyx petaloid ; the 
sepals, petals, and numerous stamens all distinct and hypogynous ; 

o 2 
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carpels many or few (rarely solitary), all distinct; seed peri- 
spermic ; embryo small. 

Character. 

Thalamus convex or flat, often elongated, very rarely concave. 
Calyx green or petaloid, regular or irregular (fig. 340) ; sepals 
3-6, hypogynous, deciduous, occasionally persistent, usually im- 
bricated in aestivation, sometimes valvate or induplicate. Corolla : 
petals 13-15, distinct, hypogynous, in one or more rows, some- 
times deformed (lig. 341) or wanting. Stamens indefinite, or 
very rarely definite, hy])ogynous ; anthers adnate, bursting longi- 
tudinally. Ovaries several or few, simple, 1 -celled, distinct, or 
very rarely coherent below to form a compound many-celled 
ovary ; styles simple ; cells 1- or man 3 ’'-seeded ; placentas at the 
ventral sutures ; ovules anatropoiis. Fruit : a collection of dry 
achenes, a 1- or few-seeded lx^rr\% or a circle of follicles more or 
less coherent below, bursting at the ventral suture ; seeds soli- 
tary, erect or pendulous, or rarely horizontal in two rows ; 
emhryo straight, minute, iu the base or within the apex of horny 
perisperm (fig. 339). 

Illustrative Genera. 

Tribe L Clkmatwkje. Mostly j Tribe 4. llEi.LEnoiiKiE. Calyx 
climhiny plants with opposite leaves, imbrivated ; petals irreyalaror none ; 
Calyx valvate or indapUeatv ; fruit j fruit of wa ay -seeded jFolli el es^ mo 7 'e 
of aoherwsj usfmlly sur/novnied hy ttw or less eoh evenly rarely haven te, 
pej^sistent and phwiost style. (Jaltlia, L. 

Clematis, X. Jlelleborus, Adans. 

Tribo2. Anesioneje. Calyx usu- IVigella, Tournef. 

ally coloured y imbrivated : achenes Aqiiilegia, Tournef. 

sometimes tailed ; seed inveiied. Delpliiniuni, Tournef. 

Thalictriiin, Tournef Aconitum, Tournef. 

Anemone, Haller. Aetata, J,. 

Adonis, DC. Tribe 5. }^i:oNiEiR. Calyx im^ 

Tribe it Hanunctu.e.®. Calyx bricated ; petals fat ornone ; ca?pels 
t7nbrivated ; achenes not tailed; seed forming dehiscmtpodsySUi'rounded at 
erect. the base hy a disk, 

Kanuuculiis, X. Pteoiiia, Tournef. 

Affinities and Morphological Structure. — The typical floral formula 
is S 6 V 5 Ax tV) G 00 , the rv> indicating a spiral arrangement, with 
vaiations, arising from suppression, multiplication, irregular growth, &c. 
The characters which are almost uiiiversallv found are the free sepals and 
petals, the indefinite stamens, the inverted ovules, and the presence of 
perisperm. None of these, taken separately, are absolutely characteristic of 
the order, though collectively they are of tlie greatest importance. The 
other characters are all more or less inconstant or variable, some of the 
genera possessing them, others not. The conditions of the calyx and 
enroll^ and also of the ripe fruit, are not only normally very varied in 
the different genera, but are readily affected and altered by cultivation. 
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The affinities of the Order are somewhat complex : the structure of the 
essential organs allies them closely to the Magnoliacem and Dilleniace© 
the former of which, however, have distinct stipules, while the latter 
have arillate seeds ; and both differ in habit. Some genera are closely 
related to the Berberidaceae, from which, however, they differ in the 
indefinite stamens and in the sutural (not valvular) dehiscence of the 
anthers. From Nvmpheeacem and Papaveraceee, which they 1‘eaemble in 
certain respects, they are distinguished by their distinct carpels, and in 
the case of the Poppies by their watery (not milky) juice. Relations 
exist also with some Oalyciflorae, as with Rosacem, from which the present 
Order is known by its hypogynous stamens, the abundant perisperm of the 
seeds, and the general proper- p* 

ties. Sheathing bases of the 
leaves, resembling adnate sti- 
pules, occur here and in Urn- m ‘ 

belliferse, and they somewhat 

this Order occurs ^among the . 

and the habit give a resem- 

blance to those Ranunculacese ‘ • ' 

which have a tcunary calyx. ■ ■■ 

Tlie I’ajonies approacdi the 

loped in P. 3Ioutfin^ almost 
the stamens of Pmonies are, 

owing to a slight excavation |||\ 

of the receptacle, perigyiious 

Number and^ Distribution. jfffi 

30 to 40 genera and five or S/ 

six hundred species, which 

latter are most abundant in 

damp, cool climates, and are FfJlff } yJf ill 

scarcely met with in the fy/ i 7/ Mi 

tropics, except on mountains. V' 

Qualities and Uses. — The 

plants of this Order generally 

E ossess acrid and more or 
jss narcotic-acrid properties, j ® /r*® ;l]|B 

some being virulent poisons. 1 / V \ f 

The poisonous property re- \l^ 

sides in the watery juice, and 1 1 

is in most cases volatile, and ^ H 

capable of dissipation by heat, Aeonitumj 

or even simple drying, and by infusion in water. It appears to be 
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heiglileiied in power by acids, spirits, sugar, &c. The species of 
culm (Crowfoots or Jtuttercups) are acrid when fresh, especially it!. 
sceleratm and Ji. Flammuln. Similar propeitit^s jtrerail in tbe tribes 
Clematulece and Aneuumere. The Ildlehorerp. are the most actire of the 
lifinmiculacefe, tJje speaies of ArouiYf/m (Monkshood) b(‘ing among the 
most dangerous of poisonous plants, and containing an extremely powerful 
alkaloid, aconitma. Tiie H])ecies of this genus appear to dilfer in the 
quality of their juices wlien grown under varic'cl condilions, somewhat 
like thelleiup-piant, since* tlie roots of tJie most poisonous of thoniare said 
to be eaten with impunity in the higher parts of the Tlimalayas. A. Na^ 
(lig.*i42) aiid-^. Camninrum {panienlatuTu) are well-known poisonous 
Jiuropean ^lonkshoods; and, ac(‘ording to Dr. Hooker, the celebrated 
llikh ” poison of India ivS oblain«‘d indiscriminately from A. NapeUuSj 
luridum, e>nd palmaimn^ as wdl as from A. /enw, L., whicli was sup- 
posed to be tJie sole source. Tlie yfdlow A, Lj/corfotittvi of Central Europe 
is far l(iss active. The setals of Dclphinimn Staphit^aijria (Stavesacre) are 
drastic purgatives and emetics ; the I Ielh‘bort^s (Ihilobormmipr^ orimtaHs^ 
and fadida especially) are likewise violent evacuants, and the Ikeonies fall 
into the same category. 'The Ixu’ries of the Aviva* are poisonous. Some 
of the milder ])lants are used as tonics, on ac(!ouut of the powerful 
bitter tluw contain, as the 'N'ellow-rool { Hydrastis vanadensis) and the 
Gold-thread ( Coptis trifoliata ), both North-American plants. The pungent 
seeds of KiyHla safira wt^n*. formerly used as peppi*r. The root oi Actcea 
racemosa is used medicinally under the name Jiadir (dmivifayat. 

Many of the Ilaimnculacem are favourite g;o*den ])lanls: for example 
the species of Clematis, Anemone, Hammvalmy Era tdhis (\\mtox Aconite), 
Jlellehorus^ Niyvlla, Aquikyia ((k)lunibines), Hvlphrnium (Larkspurs), 
Aconitum (Monkshood), and Pmmia, 


LTLLENIACEyE are trees or shrubs mostly with alternate leatheiy 
feather-veined leaves, g(m(‘rally destitute of stipules ; an imbricated 5- 
merous calyx and corolla (the former persistent ) ; nunun-ous hypogynous 
stamens; solitary, few, or numerous, distinct or rarely coherent carpels ; 
seeds several, 2, or 1 by aliortion, ariliat(' ; perisperm tleshy. — Illustrative 
Genera ; Dillenia, L. j Ilibhertia, Andr. j Candollvaj Labill. 

Affinities, Ac. — Connected with Kanuneulace.T by many important points 
of structure, these ])lant.s are at once di4inguishable by the arborescent 
habit, the persistence of the (^alyx and tlie stamens, and the arillato seed ; 
they are even nearer to the Magnoliacejc, but have no stipules, and the 
plan of the flower is here 5-merous ; they are also related to the Ano- 
nacese, which, however, have a valvate calyx and ruminated perisperm. 
Some of the genera ( Iletnistemma, Pleurandra) have all the stamens on 
one side of the flower ; others have them united into separate bundles, 
probably representing so many divided stamens. A relationship between 
this Order and the Ternstroemiacea) is established by the genus Sauraja. 

Kumber and Distribution. — A small gi'oup of 17 genera and about 
180 species, which are natives chiefly of India, South America, and 
Australia; a few^ also of Africa, between tlie tropics. 

Qualities and Uses. — The general character of this Order is astrin- 
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jfetiry, which renders some of them valuable in Brazil. Some of the 
Dilknue are valued in India for their acid juices. 

Most of the species of Dillmia are very handsome, both as to foliajafe 
and blossom ; and some of the hirger kinds yield hard, dni-able timber; 
several species ar(‘ cultivated in large collections of stove or /greenhouse 
plants in this country, where they are evergreen shrubs ,* l)elima and 
Tetraccra are stove cUnihers, 


ISrAONOLIACEjE are trees or shrubs, often aromatic, with the leaf- 
buds mostly sheathed by membranous stipules ; leaves alternate, simple ; 
flowers rej^ular, polyandrous, polygynous; thalamus convex, often elon- 
gated ; calyx and corolla usually coloured alike, in three or more <‘}-merous 
circles, imbricated; fruit of numerous dry or succultmt, dehiscent or in- 
dehiscent carpels; seeds often ydth a fleshy testa like an aril, and sus- 
pended by a long funiculus ; perisperm fleshy, homogem^ous. — Illustrative 
Uenera : Tribii 1. MAGNOLUOiiJ : carpels on a lengthened thalamus, leaves 
scarcely dotted : Mm/Holidy J^. Tribe 2. WjN'J KiuciE : carpels in a circle ; 
leaves with transparent dots ; stipules often wanting : JJrimys, It. Br. 

Affinities, &c. — Closely related to Dilleniaceno, this Order is distinguished 
by the d-merous flowers, and in many cases by its stipules ; from the 
Anonacem it is separated by its imbiicated corolla and its homogeneous 
perisperm. '^fho convolute stipules enclosing the leaf-buds of Mux/noUa 
remind us of the stipules of Fima and other Urticacem. In Ma(fnolia the 
course of development shows that the stipules arise from the edges of tho 
leaf-stalk, and that their originally free edges htH'ome combintid to form 
a sheath over the bud. The character of the flowers indicates a relation- 
ship with 8cluzaridracea3. 

Number and Distribution. — A small group of 8 or 9 genera, and 70-80 
species, tho greater number of which belong to the Southern States of 
Isiorth America; some occur also iu the West-1 ndia Islands, in Japan, 
China, and India. Drinti/ti and 'Jasmafima belong to the extreme soutn of 
South America, to Australia, and New Zealand. 

Qualities and Uses. — Bitter tonic properties in the hark and exces- 
sively fragrant blossoms are the most striking qualities of the plants of 
this Order, which are chiefly liandsouie trees or shrubs, with broad 
shining foliage and oft(‘n very large flowers. The barks of Magnolia 
glaucaj gramMjtora^ Frazeri, &:c. are used in the United States as aromatic 
tonics ; Michelia vwntaua, Aromodendron elegansy and Liriodendron 
pifera have similar properties. The odour of Magnolia grandifloray and of 
M. glauca and M. tripetalay is so powerful as to become vr*.ry oppressive 
in close places ; the last two often induce headache. The species of 
lllicium are aromatic : Illicium anisatumj Star-Anise, is so called from 
the flavour of aniseed in the whole plant, especially the fruit, which yields 
an aromatic oil. I. Jioridanum has similar properties ; and the seeds of 
I. religiosum are burnt by the Chinese for incense. The bark called 
Winter’s bark is that of Drimys Winteri ; and other species of Drimys 
and Tasmannia have similar aromatic and tonic properties. Some of the 
larger species of Magnoliay Micheliay and other genera are valued as timber 
trees iu India. Many plants of this Order are cultivated iu this country 
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on t^r beauty or f^rasprasice ; some are hardy, as various Ma^r- 

nolias and the Tulip-tree (Idrioamdron) from North America. Some of 
the tillinese and H^fd^an Ma^oliae h»»ve deciduous foliage and magni- 
hcenf flowerB, such as M, CampbeUi and M. Ytfhn ; others are greenhouse 
or store shrubs, such as the species of lllidum and the more tender 
Magnolias. 


ANONACE^. The Ctstaed-Apple Oedeb. 

Coh. Ilanales, Benth. et Hook, 

Ihagnosis , — Trees or shrubs with naked buds and no stipules ; thalamus 
usually prominently convex ; calyx of three sepals ; corolla of six petals 
in two circles, usually valvate in the bud, hypogynous, sometimes co- 
herent ; stamens with an enlarged connective, mostly indefinite, on a large 
torus ; carpels usually numerous, separate or cohering ; seed with rumi- 
nated perisperm. — Illustrative Genera : Bocagea^ St.-Hil. ; Xylopia^ L. 

Affinities, Ac. — This Order is separated from the Magnoliacem in general 
by the absence of stipules, the valvate aestivation of the corolla, and the 
form of the anthers ; but stipules are not universal in the Magnoliaceae, 
nor is the corolla always valvate here. The most characteristic features 
in the Anonaceae are the triraerous flowers, the double corolla, the form 
of the anthers and carpels, and the ruminat(‘d perisperm, which latter 
indicates a relationship to the IMyristicjicjeaD, an apetalous Order. Several 
remarkable deviations from the general character of the Order exist, such 
as the coherent condition of the horn-like petals in lioUinia^ the definite 
number of stamens and carpels in Boeagea (which is related to the Ber- 
heridacese and the Menisperniacejc), and the con(*ave thalamus, the sepals 
and petals combined to fonu a hood, and the perigynous stamens of 
Enpomatia laurina. Monodora has a single carpel. 

Nomberand Distribution. — Genera about 40, species about 400; natives 
of the tropical regions of Asia, Africa, a id America. 

Qualities and Uses. — The Anonacea3 are allied to tlie Magnoliaceae 
by their general aromatic and fragrant properties. The dry fruits are 
mostly aromatic and pungent, while the succulent kinds are sweet and 
agreeable esculent fruits. The Oustard-apples, Sweet-sops, and Sour- 
sops of the West Indies, and the Peruvian Oherimoyas are the fruits of 
species of Anona, The fruits of Xylopia aromatica are used as pepper by 
the African negroes {Piper eethiopicum). 3fono(hrn Mynstica, the Cala- 
bash Nutmeg, has qualities resembling the tnie Nutmeg. liance-wood, 
used for making shafts, bows, &c., is said by Schombiirgk to be the wood 
of Huguetia qt4itnre?i8i8. S*ome of the species of Anona, Ur aria, Xylopia, 
&c. are sometimes cultivated in stoves in this country, forming evergreen 
shrubs. 

MONIMIACE^ are aromatic trees or shrubs with opposite leaves 
without stipules ; flowers axillaiy, diclinous ; thalamus concave, peri- 
anth in 1 or 2 circles, tubular below ; stamens numerous, springing from 
the tube ; ovaries several, free, and distinct, enclosed in the tube of the 
thalamus, 1-celled, 1-seeded; seeds pendulous; embryo minute, with thin 
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sprendlni? cotyledons, on the outside of abundant fleshy perispem. — ^This is 
a sm^l Order of plants belonging chiefly to South America, but occurring 
also in Madagascar, Java, Australia, &c. ; sometimes combined with the 
next family, and usually referred to the neighbourhood of Lauraceie, from 
which they are distinguished by their apocarpous ovaries, but, like the 
Atherospermacesa, standing properly in their vicinity of the Anonacese, 
along with Myristicacese ; for some genera are dichlamydeous. Tliey are 
also related to Calycanths and Roses, but they differ from these Orders in 
their opposite exstipulate leaves and albuminous seeds, Baillon unites 
them with Calyeantha and Atherosperms, and places them near Magno- 
liaceae, to which their aromatic properties ally them. They are not of im- 
portance economically; the fruit of "is eaten in Chili. — Genera: 

Mommitty Thouarsj Citrosma, R. & P. ; Boldoa, Juss., &c. 

MENISPERMACE^. The Moon-seed Obdeb. 

Coh. Ranales, Benth. et Hook, 

Diagnom . — Woody climbers, with palmate or peltate alternate leaves, 
without stipules ; flowers direcious, rarely perfect or polygamous ; sepals 
and petals similar, in three or more circles, imbricated or valvate in the 
bud ; stamens usually 0, superposed to the sepals and petals ; pistils 
3-0-gynous, on a snijill thalamus ; fruit a 1 -seeded drupe, with a large or 
long curved embryo in scanty pensperm. — Illustrative (lenera: JateorrhizOy 
Miers; Menispermmny Touruef. ; CumnipeloSy L. ; CocculuHy DO. 

Affinities, Ac. — This curious Order is related to the Anonacese and the 
Berberidacefe through Boeagea, especially when the flow^crs are perfect. 
Its nearest neighbours are Lardizabalacese and Schizandnicem, with which 
tlie plants agree much in habit. All these approach the Magnoliacejc ; 
but the habit, the generally unisexual flowers, and tlio absence of stipules 
separate them from that family. This Ordcu* is very lioteromornhous in 
almost all parts of its structure. The peculiar organization of the wood 
and foliage deserves attention. 

Number and Distribution. — Genera about 30 ; species (under a hundred) 
are natives of the tropics of Asia and America, forming woody climbers 
of great size in the forests, A few are found in more temperate regions, 
but none iii Europe. 

Qualities and Uses. — Narcotic and bitter properties of considerable 
power occur in this Order. ^^Cocculus Indicus,^^ containing the poisonous 
principle picrotoxine in the seeds, consists of the berries of Anamirta 
cncculus ; Jateorrhiza palmata or Calumba furnishes Calumba-root ; ” 
different species of Cissampelos, as well as Chondodendron tomentosum, the 
roots of which furnish Pareira brava, are used as tonics and diuretics. In 
India the seeds and roots of Gulancha,” Tinospora ctmlifoliaj are used 
for similar purposes. Species of Cocmlm and Cissampelos are grown in 
stoves in this country; some of the North-American Menisperma grow as 
hardy climbers here. 

LARDIZABALACE^ constitute a small group, referred by Bentham 
and Hooker, as also by Baillon, to Berberids, and by De Candolle to 
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Menisperms, From the former they differ in their diclinous flowers, 
monadelphous stamens, sutural dehiscence of the anthers, and more 
numerous ovaries. From the latter they differ in their more numerous 
ovules and small embryo in copious solid perisperm. — Illustrative Genera ; 
MoUhoilHay Wall. ; Staimtomay 1)0.; Lardizabala^ Ruiz et Pav. 

The species are mostly from the cooler parts of ilsia and South 
America. The berries of some are edible. IloUhoollia and Statmtmia 
(Nepal^ have been introduced as greenhouse evergreen climbers, and are 
hardy in the south of England. 

SCIIIZ ANDR ACE^ form a small family regarded by Bentham and 
Hooker as a tribe of Magnoliacem, from w^hich they differ merely in tlieir 
climbing habit, exstipulate leaves, diclinous flowers, and fleshy 2-8-8eeded 
carpels. — Illustrative Genera: Kadaura, Juss. ; Schkn/idm, L. C. Rich. 

The species belong to India, Japan, and the S. United States. They 
are insipid and mucilaginous. JScliizandra coccinva (North Ameiica) is a 
handsome greenhouse plant; (Nepal) has been introduced 

in stoves. 

SABTAOILE are a small Order of East-Indian plants, related to the 
Anacardiacem, and particularly to the Menisporniaceje, in the circum- 
stance that the sepals, petals, stamens, and o\ ari(}s are all superposed to 
each other, but they have 5-meroUvS hermaphrodite flowers and a syncar- 
poiis pistil. By Bentham and Hooker they are placed near Sapindaceie. 

BERBERIDACEjE. The Beiiberby Ordee. 

Coll. Ranalos, Benth. et Ilouh. 

Biagnom . — Shrubs or herbs, wdth regular hermaphrodite flowers, with 
the stjpals aud pidals both imbricated iu the hud in 2 or more circles of 
2-4 eacli (tig, 'U;!) ; hypog^iious slauums as many as the petals and 
superposed to them ; anthers opening hy 2 recurved valves. Carpel soli- 
tary', free ; fruit baccate or dry ; embryo straight in perisperm. — illustra- 
tive Genera: Berheris, L. ; Bpimedium, L. 

Affinities, &c. — JV) Raniiiiculaceui this Order is related closely by J(ffer^ 
soma and Podophylhon. Bphiedium allie.s tht‘ order to Euiiiariaceie. The 
apparent Hiiperpositioii of parts is here due to 
the decussation of yvhorJs (tig. 343). 7'he con- Eig. 343, 

nexioji >vith the Arionacem tJiroug-h has 

been I'eferred to above. Tliey differ from Meni- 
spornis, to which their floral arraugemoiits ally 
tliem, in their hemaphrodite flowers and small 
embryo. The remarkable mode of dehiscence 
of the anthers connects this Order in that respect 
wdtli Lauracese and Atherospermacea3 aiiioi^i: the 
Monochlamydeie. CauloiditfUum thalictroides. a „ 

Nortli-Atumican plant, is interesting from the 'S™/.": 
development of its fruit : the pericarp dehisces 

very early, and the two seeds burst out and ripen into naked berry-like 
bodies with a succulent testa. The leaves of these plants are simple or 
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compound, sometimes reduced to the condition of spines. The lipe anthers 
possess a peculiar irritability, which causes their valves to turn back and 
burst when touched, so as to allow of the emission of the pollen. 

Distribution. — A small Order of about 12 genera and under a hundred 
species, which are natives of temperate climates in America, Europe, and 
the northern part of India. 

Qualities and Uses. — The bark of the root of some of the Indian 
species contains a bitter principle, on which account it is used as a tonic 
in fevers in lieu of quinine. The Lycium of the ancients w as identical 
with the extract prepared in India from the wood or root of several species 
of Berberis, The lier berry (the fruit of Berberis vuiyaris) and the fruits 
of other species are acid and astringent, and are eaten preserved. The 
stem and bark are used dyers, both ou account of their astringent pro- 
perties and as ingredients in a yellow dye. The rhizome of Podophyllum 
peltatum furnishes a resin which has purgative properties, and is much 
used as a substitute for merciiiy. The leaves of this jdant are narcotic j 
but the berries are edible. Berberis vulyaris is a British plant, often cul- 
tivated on account of its beautiful st arlet berries j the evergreen Berberacea 3 , 
B» Aquifolimn, &c. {Mahonuiy ISutt.), are also extensi’seJy planted ou 
account of their shining pinnate leaves and the grey bloom on their black 
berries. PJpimedium (tlpintun is a rare British plant, found in the northern 
counties. 


]NYMriLEACE.E. Watee-Lilies. 

Coh. Kaiiales, Bmth, et Hook. 

Diagnosis. — Aquatic lierhs with cordat(^ or peltate floating leaves, and 
solitary showy flowers, proceeding from a rhizome growing at the bottom 
of the water ; the partially petaloid sepals and tlie numerous petals and 
stamens imbricated in several rows partially or wholly emerge from a 
large fleshy disk; the numerous carpels coiiihiued into a many-celled 
compound ovary, with radiating stigmas on the top ; ovules all over the 
spongy dissepiments ; embr>'o minute, enelo*ed in a separate sac at the 
end of the copious peiisperm. — Illustrative Genus ; Nympha^a. 

Affinities, &e. — The relations of this striJving Order are varied, and some 
difl’erence of opinion exists among botanists e^ en as to their position in 
the two gi’eat classes of Angiospermous Flow(‘riiig plants. The embryo 
appears to be truly Dicotyledonous ; and they naturally approach the l*apa- 
veraceaj in the character of the ovary, and the Pteony tribe among the 
Kanuculacese, especially the kinds with a highly developed disk. The 
character of the lioral envelopes and stamens allies them to Magnoliaceie. 
The Nelumhiacea3 and Uabumbacea3 are immediately connected with 
them. From a mistaken view of the structure of the seed, regarding the 
vitellus or amniotic inner endosperm as a cotyledon, liichard assumed 
that this Order was Monocotyledonous ; and although it has proved that 
this account of the structure of the emb^^o was incorrect, the plants are 
fio anomalous in many respects, that it is difficult to decide as to their 
closest relationships. The structure of the rhizomes is quite that of 
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Monocotyledonous etems ; the habit relates them to the Hydrochandace© ; 
and the structure of the ovaries indicates some affinity with Alismace®. 
When, however, we regard the Dicotyledonous embryo and its germination, 
the quaternary or quinary plan of the flowers, and the netted ribbing of the 
leaves, together with the close relation to the Dicotyledonous Orders above 
named, the balance of characters is strongly in favour of its reference to 
this class. Nymphseace© are very interesting in structural respects — as, 
for example, in the anomalous condition of the rhizomes, the remarkable 
development of the leaves in Victoria, the curious succession of forms 
between petals and stamens in the flowers of Nymphaa and Victoria, the 
various degrees of development of the disk and enlarged receptacle, 
ranging from Nuphar with a superior ovary to Victona with its ovaiy 
sunk m the receptacle and its stamens and envelopes raised on an 
annular disk, the seeds growing all over the dissepiments, and in the 
peculiar condition of the albumen. Barclayn has united petals. 

Distribution. — A small family of 4 or 5 genera and flO to 40 species, 
which are distributed throughout the world, more rarely in the southern 
hemisphere. 

Qualities and Uses. — These plants are said, on doubtful authority, to 
be sedative and narcotic. More ini])ortant characters arise from the pre- 
sence of stfirch in the seeds of various kinds of NympJuca^ of Enrynle and 
Victoria, which are used as food. The rliizojues of souje Nymph mas are 
eiten in Scinde, otliers in Western Africa. Among llie most remarkable 
plants of the Order is the Victm'ia rcyia, a nati\ t^ of the rivers of equa- 
torial America, with its enormous circular leaves and beautiful flowers. 
Our native Water-lilies, the white {Kymphcca olha) and yellow (Nuphar 
lutea), are Loth striking objects, and the cultivated Nymph rca cccrulea and 
the crimson A’', rubra illustrate the brilliancy and A ariety of colour iu this 
beautiful Order. N. giyantea, a blue-flowered Australian species, has 
flowers almost as large as those of the Victoria, 

CAnoMBACE^:, consisting of only tAvo species, of the genera Oahomba 
and Brasenia (Ilydropcltis) , are sometimes separated from NAunphroacem, 
of which they are a reduced form, with definite sepals and petals, hypo- 
gynous stamens, distinct carpels provided wnth styles, inserted on a 
flattened torus, aud containing ont3 or two ovules on the dorsal suture. 
They are closely allied to Itanunculacem, but differ in the embryo 
enclosed within a double albumen. Both genera occur in America, and 
Brasmia also in the East Indies and Austi*alia. 

NELUMBTAOE^E are large aquatic plants, like Water-lilies, but with 
distinct carpels, forming acorn-shaped nuts .stsparately imbedded in cavities 
of a large top-shaped thalamus. Seeds solitary, aperispermic. This 
Order consists apparently of the two species of the one genus Nelumbium — 
N. speciomm, supposed to be the Sacred Egyptian Beau, found throughout 
the East Indies, but no longer met with in Egypt, and N. luteum in North 
America. They are nearly related to Nymphseabeae, through Cabombacem ; 
and both are included m that family by Benthani and Hooker. The 
enlarged recentacle of the flower is very curious, and the peltate leaves 
raised above tne water on long stalks are remarkable objects. The nuts 
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are the ripened carpels, which are contained in separate sockets in the top 
of lie thalamus; the seeds have large fiat fleshy cotyledons applied 
against the plumule, which is unusually developed. The seeds, as also 
the tubers of JV. luteum and the rhizomes of Jv. speciomniy are esculent, 
being full of farina at certain seasons. 

SARRA-OENIACE^E are polyandrous and hypogynous Bog-plants, 
with hollow pitcher-shaped or trumpet-shaped leaves, and regular poly- 
androus hypogynous flowers. — ^Illustrative Genera : Harracmia, L. ; Dar^ 
Imgtonia, Torr. 

Aflinlties, fte. — These curious plants, chiefly remarkable for their 
anomalous leaves, forming aseidia or pitchers, are few in number, con- 
sisting of a few species of Sarracenia in the United States, Si DarlingUmia 
in California, and Heliamjdiora in Guiana. Sarracenia has a very large, 
angular, peltate stigma, while that of Heliaviphora is simple and truncate. 
Tliey are regarded as related to lianunculacem by the 4~6-merou8 and 
imbricated envelopes aud the numerous hypogynous stamens, while the 
coherence of the carpels into a ciunpound ovaiy brings them at the same 
time near Papaveracoae ; hut tJio placentas are axile. The pitchers arc 
in this case formed by the disproportionate growth of the marginal as 
contrasted with the central portions of the leaf. They secrete a digesti^'o 
fluid which causes the solution of insects, iK:c., which find their way into 
the pitchers, and which solution is in time absorbed by them. 


PAPAVEEACE.E. The Poppy Okdeh. 

CWi. I*arietales, Benth. et Hook, 

Diagnosis , — Tlerbs with inilky’^ (white or coloured ) juice, alterjiate 
exstipulate simple or lobed leaves ; flowers r(,‘gular, 2-merous or 
4-merous ; sepals caducous ; staiiieiis polyandrous, hypogynous, 
rarely perigyiious ; o^ ary syncarpous, 1-eelled, with 2 or many 
parietal placentas. 

Character, 

Thalamus flat or expanded. Calyx : sepals 2, rarely 3, caducous. 
Corolla : petals 4, rarely hypogynous, mostly crumpled up in 
sestivation. Stamens free and distinct, indefinite, hypogynous ; 
anthers 2-celled, bursting longitudinally. Ovary free, composed 
of 2 or more carpels (very rarely distinct), 1 -celled ; ovules nu- 
merous, very rarely solitary ; placentas broad, parietal, on the 
projecting incomplete dissepiments ; style short or none ; stigmas 
radiating, double, oppOwsite the imperfect dissepiments ; ovules 
anatropous or amphitropous. Fruit capsular (lig. 345) with a 
number of placentas on imperfect septa, or pod-shaped with 
parietal placentas, the dehiscence valvular or porous; seeds 
mostly numerous ; embryo minute, straight, at the base of fleshy 
oily perisperrn. — Illustrative Genera: Chelidonium, Tournef. ; 
Fapaver^ Xournef. ; Glaucimn, Tournef. 
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AAMc»ltle«, fte. — The typical floral formula is S 2 P 4 cs 3 A oo G 2. Taking 
the common Poppies as types of this order, ’vre find a marked distinction from 
Banunculacete in the 2-iwerou8 calyx, the confluent carpels, and the milky 
juice ; but the first two of these characters do not hold universally, since 
Ar (femme has sometimes 3 sepals, and Platystemm has the carpels more 
or less distinct, or united only slightly externally. Bocconia^ with small 
flowers and no petals, approaches to Tlialictrwn ; it has but a single 
carpel. Monstrous capsules of Papaver occur in gardens with the carpels 
partly free, somewhat as in Nigella. This Order is also related to the 
Nymphasaceee by the general structure of the flower of Papaver ; and the 
dissepiments extend quite to the axis in the Californian genus Romneya, 


Fig. 344. 



Anotliin* genus from lh(^ same region, Peadromrcoa, has peculiar double- 
lined parietal placentas, and the capside bursts into 2 valves with the 
seeds on the jnargins, as in Oistacejc. The qunternarv arrangement of 
the floral envelopes and the pod'8hn))ed ovary of‘ IMiftc/ioItzia, Glavciumj 
Chelidoninmy itc. cause a close resemblance to Cruciferie and (hipparidacene, 
from which, however, there is a marked distinction in the perisperinic 
seeds and the narcotic milky juice. The tetradynamous stamens of 
Crucifene, too, almost ahvays afford a striking character : but a remark- 
able exception is supplied by an Fast-Indian polyandroua Crucifer 
{Megacarprea p<difan(Ira)y wdiose stamens are numerous like those of a 
Poppy. The nearest relatives of the Papaveraceee are the Funiariaceae, 
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which are combined with them as an irregular form by some authors. 
The agreement is great in many respects; but the Fumariacese have 
irregular flowers, diadelphous stamens, and a watery juice: the genus 
Hypecmm^ however, has the corolla nearly regular, and its 4 stamens are 
distinct ; and MeeomUa^ in the present Order, has but 4~5 stamens ; so 
that Hypecoum is midway, as it were, between the Orders. 

The structural points most worthy of note are the vaiied conformation 
of the ovary, and the peculiar construction of the stigmas by two lamellse 
from adjoining carpels. There is a curious enlargement of the receptacle 
of Efichscholtzia^ with circumscissile separation of the coherent caducous 
sepals in the form of a conical cap. The stamens and petals, moreover, 
b(}come perigynous in this genus. The sepals in most cases fall off when 
the flowers expand, so that they must be observed in unopened flowers. 
In Eschscholtzia the receptacle is at first fiat with two sepals, which 
become connate, four petals, three rows of stamens, and four carpels, of 
which two are abortive (M. T. M.). 

Distribution. — The group is not a large one; but the species occur in 
all parts of the globe, hut sparingly out of Europe (in a wild state). 

Qualities and Uses. — TJie milky or coloured juice of Papaveraceoe is 
gencTally powerfully narcotic, somtdiincs acrid. Papaver somnifemm^ the 
Opium Poppy (fig. .‘144), is the most important plant of the Order, the 
opium consisting of the dried milky juice obtained from the unripe cap- 
sules (fig. .‘14r>). Its native country is unknown ; but it is largely culti- 
vated in Turkey and the East Indi(‘s. Its seeds yield a fixed oil, which 
is quite harmless n.nd is used both by itself and as a means of adulterating 
olive-oil ; the oil-cake is also used for feeding cattle. The seeds of 
Aryemone meximna are narcotic-acrid. The yellow acrid juice of Cheli^ 
donluin mnjus, as also tliat of liocconia frnfrficrus, is poisonous, and is 
sometinifis used as an esdiarotic. Sauffuinaria canmlensiff, the Plood-root 
or Pjiccoon, receives the former name from the red juice of its root, which 
is employed in North America for its emetic and purgative pro])ertios. 
Mrconoimti nrpalomis is s.aid to be. very poisonous, especially in the roots. 

Several plants of this Order are wild in tliis country, as tJie four kinds 
of Ked Poppy of our fifdds, the commonest of wliicli is Papaver Phwas, 
P. aornyiiferum is a corn-field weed in many places on chalky soil ; and its 
immoroiis donbh; varieties arc to be found in most gardens. Glaucimn 
the yellow Honied J^opjw, grows on our sea-shores ; Chelirloniuni 
7najHs grows about hedges near villages, and is apparently an outcast from 
gardens ; the otlier native plants of this Order are less common. Ench'- 
scholtzia, a Californian genus, is now found in every garden ; and Platy^ 
stcmmiy Aryemone^ and other genera are also cultivated here. 


FUMAEIACE.E. The Fumitory Order. 

Coh. Parietales, Bcnth. et Hook, 

Diagnosis , — Delicate smooth herbs with watery or colourless juice, 
dissected leaves, irregular flowers, with 4 partially united petals, 
(i diadelphous or 4 distinct stamens ; ovary 1 -celled, 1-seeded, or 
several-seeded with two parietal placentas. 
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Chanicter, 

Thalamus small. Calyx : sepals 2, caducous. Corolla ; petals 4, 
irregular, in 2 circles. ^Stamens hypogynous, rarely 4 and di- 
stinct, opposite to the petals, or 0, diadalphous, the parcels 
opposite to the outer petals, each with a central 2-celled anther 
and 2 lateral l-cfdled anthers. Ovary free, l-celled ; style filiform ; 
stiyma with 2 or more points ; ovules horizontal, ainphitropous. 
Fruit : an indehiscent 1- or 2-seeded nut, or a dry 2-valved or 
succulent indehiscent many-seeded pod; seeds shining, mostly 
arillate ; embryo minute, abaxial, straight or curved, in fleshy 
perisperm, — Illustrative (xenera: Diceutra, Borkh. ; Fumaria, 
Tournef. ; Hypeeoum, Tonrnef. 

Alftnltles, &o. — The close relationship to Papaveracepe has been pointed 
out,. Biinthani and Hooker indeed include Puniitories under that family. 
Jlypecomij with its four distiiic.t stamens, div(>rges 1‘rom the ordiiiar}'^ type 
imuiediately towards that Order. The immhtT, form, and arrangement 
of the iloral euvelojjes mark an aflinity to the Berberidacea), wliich like- 
wise have stamens opposite to the })etals. A further relationship exists 
in the direction of Griiciferie, concerning wliich, however, authors are at 
variance, on account of the curious condition of the disdelphous stamens 
here. The view taken of the morphology of these liowers by l*ayer, 
Ih elder, Camel, and others is that th(‘rc are two sepals formed succes- 
sively, two outer petals formed simultaneously, two inner petals also formed 
simultaneously, two outer staiuinal tubercles, each of which becomes three- 

lobed; a second staminal whorl is abortive — S2 P2+2 A2-|-2(i 2. 
The trilohation of the petals of Jlypectmtn is analogous with that of the 
stamens. [In JJielyira I find in the course of development two sepals, 
four petals in two rows, two compound stamens (of which the central 
lobe IS largest and bears a two-celled anther, while the lateral ones have 
but a single anther-lobe), and two carpels. — M.T, M.] The mode in 
which the hormal stigmas push themselves against the extrorse anthers in 
the blossom of Fiimaria^ while the petals cohere by their tips, is worthy of 
examination, as also are the modifications of the staminal bundles in 
Fiwiaridf Dicentra, &c, Tlie long pod of llypccomn has transverse spurious 
septa between the seeds. The pollen of Fumaria is polyliedric. 

Distribution. — The species are not very numerous, and are mostly found 
in the tem})erate pans of the Northern Ilemisphere. 

Qualities and Uses. — Mild bitter, sometimes rather acrid, and with 
slight diaphoretic and aperient properties, but of little importance in this 
respect. The genus Imnaria has a number of rather doubtful species in 
this country ; Corydalts clmdcHlata is not very rare in woody places, and 
several tuberous-rooted species of Corydidis are found as hardy herbaceous 
plauts in our gardens. iJicentra (Dwlytra) spectahilisy a handsome Chinese 
species, is now peatly cultivated as an early -flowering greenhouse plant, 
but it is hardy in some situations. 
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CEU CIFEE JE. Cjioss-plowers. 

Coh. Parietales, Bmilu et Hook. 

Diagnosis . — Herbs a pungent watery juice, cru(‘iform 4- 

nierous flowers, tetradynamous stamens, a silic^uose or siliculose 
fruit, and aperispermic seed. 


Fig. 346. 


Chiracter. 

Calyx: sepals 4, deciduous, imbricated or valvate in the bud. 
Corolla: petals 4, distinct, stalked, arrajiged in the form of 
a cross, alternating with the 
sepals (fig. 3-1 6). Stamens tetra- 
dynamous (tig. 347), a single 
short one opposite each later.al 
sepal, and a pair of long ones 
opposite the anterior and the 
poslerior sepals, with small glamls 
intervening between the stamens 
on the receptacle. Dollen gene- 
rally ovoid, witli throe folds. 

Orary solitary, 2-cel led by a spu- 
rious disse])iinont (rej^lam) ex- 
tending across from the middle 
Hue of the tu o pJirit4al placentas ; «. tTuciTorru flower; A,flt<ilkec 

stigmas 2, sessile, oiiposite the 



Fig. 347. 



Fig. 349. 



Fig. 348, 
O 



Fig. 347. StameAs and pistil of Cheiranikuei. 

Fig, 348. Ground'plan of the flower of Cheiranfhua : z, the front: O. the position of the oTia. 
Fig. 349. Burst silique of Bnajpit. 



210 


STSTE2tfATlC BOTANY. 


placentas. Fruit \ a silvfue (fig. 340) or a silicle (fig. 350), 
usually 2-celled by the replum, from which the valves separate 
in ddiiscouce, leaving the placentas as a frame: orl-celled from 
the imperfection of the replum (fig. 350), and indehisceiit or 
breaking across at constricted places ; smb generally pendiilous 
in a single row on each placental margin, llie two rows either 
int(Tcaiat(Hl in one line or in two collaf(?i’al oti the n^plnin ; 
erahrjfo with the radicle variously folded on the cotyledons, 
without perisperin. 


Fig. 351. Fig. 352. 



Silicit* nt Tmlitt : a, entire ; b, cross section, 
.‘C)!. Jitirnt Milich* of ThluMp!, 

:iu2. Hood of Erynituiini cut vcrticnlly ; o, ftiniiailus. 


De Candolle divided this large and very natural Order into 
8ubord(?rs, fouiidt'd on the mode of folding of the em])ryo, thus : — 
1. Pleura rill zen ( O =), with the radicle turned round the sides or 
edges of the flat, acciimboiit cotyledons ; 2. .i\oforhiz(v (oil), with 
the radicle folded against the back of one of the fiat, incumbent 
cotyledons; 3. OrtUophcce (o>>), the radicle similarly folded, 
but the incumbent cotyledons longitudinally foldctl (induplicate) so 
as partly to surround it; 4. J^jurolofnce (o|||!), the cotyledons 
linear, incumbent, and folded or rolled over on themselves and 
against the radicle ; 5. ( o !l !i l|), theM'otyledons linear 

incumbent, and twice or thrice traiis\erscly folded. 

Some writers have established Suborders on the characters of the 
fruit, using those of tlie embryo for subcb vision, thus : — 1. Sili- 
quosw, with a siliqiie opening by valves ; 2. tSUicidoscn latbepUt?, 
wdth a silicule opening by valves, the replum in the broader diame- 
ter ; 3. Siliculoace augustiseptcr^ a vah ed silicule with the replum in 
the narrow er diameter ; 4. JSucumcntaceoi, w ith an iiidehiscent 
silicule, often 1-celled without a replum ; 5. i^eptnlatai^ with the 
valves bearing transverse septa in the inside : 6. Lomeyitaccce^ with 
a pod breaking across into 1-seeded pieces, sometimes with a 1-2-, 
seeded beak above the abortive true pod. Bentham and Hooker’s 
arrangement closely corresponds with this : but the Suborders are 
all more or less artificial. 
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, Illustbatjvk Genera: C/mninthii% U. Rr. ; Arahis, L, ; Ah/S'^uviy 
I Ei'ophlla^ DC. ; Cochlearia, L. ; Jberis, Ju. ; Cakilo, Toarnef. ; JtVy/- 
swiuni, L. ; CapseUay Vent. ; Lepidiumy K. Rr. ; Erasaicay L. ; Cnunhoy 
Toarnef. ; Rciphantaiy Toarjief. ; Suhnlanay Allans. ; SchizopetfdoUy Hook, 

Affinities, &c. — The relationships of this Oriha* t o l^apaveractMe and Fa- 
niariareio, and thence with the apocarpous Urdm’S standing n<3av, have 
beiai dwelt on already. With the Ca])paridaceie the agreenient is still 
closer, in tin* general character of tlie llowin* and in the seeds; bat when 
that Order has so few as six stamens they }tv(5 not tetradynamous — an 
almost universal condition in Craciferm. The true nalare. of the plan 
of the aiioiiialoas tiower of this Order is a suljjt'ct of considerable con- 
troversy. llie iianierical arrangement is S 1' 4 A 2+4 G 2, disposinl 
thus: — S.. + ; P ; : A.. + : : (+. . The two lateral sepals are attached 
higher up than the other two, the four petals are in a single wliorl. Liiulley 
and many others n*g.inl the six staimms as belonging to two circles of 
four, tlie outer of wliicii htis alw.ays two stjiaK'.ns al)ortivo, wliile the inner 
pairs should normally stand singly beforts the four petals. If the glands 
in the receptacle are to be regardtal as abortive, stamens, which is 
plausible, this structare, rcvally does tjxist in JCrt/simmn Perojfukianum y 
where the two glands stand opposite two sej)als and form a circle with 
the two short stamens; but there appears to be as many as six glands in 
sonu^ (h'ucifcrs, which involves the (‘xishmce of three staminal circles : as 
a polyaiidroLis form (Mvpacarpcea poh/andra) has been nud, with, we naiy 
even admit this. l)e (’andoile, Moquin-Taadon, .and Wtbb regardtd 
the stamens as normally four, tlu^ pairs bdng formed by cboriKis. As to 
the ovary, it i.s explained as b(ang com]>osed t)i* two carpels with a 
spurious dissepiment; the stigmas opposite the placentas, like those 
of Papamr^ bdng double and composed of a half from each carpel, just 
as the placentas are. The fact tliat four carp*‘ls are sometimes found 
in monstrosities, and are constant in the gcmus Pdraccllbut, merely indi- 
cates a return to a symmetrical condition, ordinarily iutmdered w'ith by 
suppression of two carpels. The most, reccmt views as to tlui structure of 
the tiower are those of I'lichler, who ailirms the existence of chorisis in the 
long staimms. liis notion is that the tlowers of Orucifers consist of two 
aiitero- posterior sepals, two lateral ones, four petals crossing tlio lateral 
sepals diagonally, two lateral short stamens, two antero-posteiior long 
stamens split into two, and two hit(‘ral carpcds ; S 2 + 2 P 4 A 2+ 2 G 2. 
Tlie.se views are adopted after an examination of the development of tli (3 
flower, in which there are lirst to be seen two tubercles for the fore and 
aft sepals, then two for the lateral sepals; the four petals originate simul- 
taneously ; the two sh<jrt stamens arise op])osite the lateral sepals, the 
two other staminal tubercles are subsequently developed at a higher level 
than the preceding and decussate with them ; these two after a time be- 
come notched, the notch gradually deepens and ultimately forms two 
distinct stamens. The position of the carpels is sometimes antero- 
posterior (;) sometimes hiteral ( The glands of the disk also vary in 
number and position, and may, as suggested by Mr. Worthington Smitli, 
be the representatives of abortive stamens or pistils, which would, if 
fully developed, render the flower symmetrical and isomerous. Van 
Tiegheni considers the gynmeium to consist of four carpels, two of which 
are ovuliferous and terminate in stigmas, while the other tw^o are sterile. 



212 


SYSTEMATIC BOTANY. 


Rev. G. Henslow supr^ests that the oiigiiial type was not binary or 
quaternary as generally considered, hut quinary, the fifth member of 
each (juincuncially arranged whorl being suppressed. Asa rule Crucifers 
have in the adult condition bractless flowers ; a few species have bracts 
normally ; and they sometimes occur as abnormalities, and are then placed 
at the base of the peduncles, or emerge from the side of them, owing to 
imperfect detachment of bract and pedicel, and consequent uplifting or 
displacement in course of growth. Snhularia has perigynous stamens 
springing from a cup-8bap(id rec-optacle. The fruits of Morida and Geo^ 
coccus ripen under ground. The long stamens of Aielanthcra have 
1 -celled anthers. In Strejdanthus, and some species of VelUiy the long 
stamens are connate in pairs. 

Distribution. — This large Order is very na,tiii-al, and, as usually hap- 
pens ill such cases, the genera are very dillicult to define. The species 
are most ahuudant in t(iinp(‘rate and cold cliiuales, and seldom found 
otherwise than on mountains in the tropic.s. 

Qualitiofl and Uses. — The gen(;ral character is antiscorbutic, the watery 
juice being often pimg(uit and occasionally ac'rid. The seeds yield 
oil, which is contained in their cotyltslons. Jly cultivation the acrid 
juices become milder, and the stnndures are easily inade very succulent, 
from abnormal d(*V(dopin(mt of parenchyma. I 'lab'r tlmso conditions they 
hecomo valuable (‘H(riilents. (titlun* in their roots, as tlie 'I’lirnip (Jirassiva 
Mapa)} their .sbnn and leaf-siaUvs, as Sea-hnie ( (drnnihc mariiioia)^ their 
stem, leav<\s, or iindeveloja'd inflorescence, as Kolil-rahi, ( hibbagos, 
OnauiM, Kales, in alltJieir vari<di<'s, and ( /aiiliflowt'i* and Jlroccoli^ all 
appareiifly d(^ri\(Hl from Branded (dcraeva liy ('iilti\ ation. lirassmi 
Kapm, Itape or (\)lza, is mosi laluablt? on account of the oil in its seeds, 
and its oil-ca,ko as food for cafflc. Tlu‘. Swede Turnip is supposed to be 
a hybrid ladwcum li. vaatpeddn and Ti. Bapu or Najius, Ibidishes (Ita- 
phanm satirtfs), JIors(>-radish {yirmortK ia rudlcatta)^ are cultivated on 
account of tJuhr pung<‘ncy, as are also the herb and, still more, lln^ seeds 
of the JNJustards, alha and nipra, tlu' latter of which yields the 

proper table-mustard seed. 'Wntiu'-cress (Nadarfunn officinale) and Gar- 
uen-cr(‘ss [Lepidiiun nadnwt) arc* puugeiit sa]ad-])lants. Inafis tinctoria 
and a Chinese species, 1. inddjotica^ yield n blue dy(‘ from their eilicles. 
I\Jany of the Crucifene are reniarkabie for contaiiiiug sulphur compounds, 
both in the seeds and in the herbage, whence the disagrcisahle smell of 
water in which they have been boiled, or even of tlie bruised fiM'sh plant 
of some, as Enjsimnm AUiaria. Oil of^Fustard, obtained by macerating 
the seeds e<* Black INFustard in water and distilling, is violently acrid 
Many of the genera cited in the list above ari‘ represented by common 
wild plants in this country, the rest are found in most gardens;* Matthwla 
is the Stock, Cheiranthus Chdri the WallHower, &c. 


^ CAPPARTDACKyK are herbs, shruUs, or rarely trees, with alternate 
simple or lohed exstipiilate leaves ; cruciform flowers; stamens numerous, 
or, if 0, not tetradynamous, on a disk, or vdth an interuode separating 
them from the corolla, and a 1-celled pod orheriy with 2 or more parietal 
p^lacentas ; seeds reniform. aperispermic. — Illustnitive Genera : Tribe 1. 
OleomkA':. Fruit capsular : Chome, DC. ; Polanisiay Raf. Tribe 2. 
n. ^ Fruit baccate : Cadabu, Forsik. ; CappariSflj, 
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AifiinitieB, fto. — ^This Order is closely related to the Crucifer®, both in 
structure and properties, being distinguished chiefly by the stamens, 
which are mostly indefinite, or which, when only six in number, are very 
rarely tetradynamoiis, and by the stipitate ovary. The parietal placentas 
and the disk ally them to the Kesedaceee, which likewise have kidney- 
shaped aperispermic seeds ; there is a more distant affinity to the Bixaceee, 
which have periapermic seeds. The dtwelopment of the internodes between 
the circles of floral organs is a striking character in various Cappari- 
daceae : in Cleome and Capparis the thalatnus has rather a discoid deve- 
lopment below the stamens, the ovary being stalked ; in Gynandropsis and 
Cndiiha there is a stallc-like prolongation of tlie thalamus between the 
corolla and stamens and betweem the stamens and the ovary. This struc- 
ture connects the plants in some degree with Passifloraceie. ^ In some 
species of Mcerua^ luoreover, there is a ‘^corona” like that of Passion- 
flowers. In other genera tlie receptacle is developed into a more or less 
fleshy or glandular disk. In P%.S(>.s*fc//nm the stamens are curious, the two 
or four posterior ones liaving the filaments inflated or swollen below the 
anthers. Eichler describes the development of the andro^cium as show- 
ing tliat tlun*e are two whorls of stamens, each primarily consisting of 
two, first two lateral, then two antero-])osterior tubercles, which subse- 
quently subdivide into numerous filaments. 

Distribution. — 'j'he species are somtjwhat numerous in the tropical 
subtropical regions of tlie w^orld, especially in jVfrica. 

Qualities and tTsos. — There is great agreement with the Crucifer®; 
but ill some castfs tin* pungent jirincijiles are dangerous. Tlie Capers used 
as pickles are the fiower-buds of various species of Cappans (Ct fipinom^ 
FonUmesi, rupetitris^ and (eyyptiaca). The root of yymmdra^ the 

Carlic Pear, is said to be very acrid and to blister like Caritharid(‘>s. (J, 
exeolm is a large tree in Madagascar. The Pohinisia {(.‘(tstutdra of the 
United States is used as a vermifugi^ j and the root of Cadaha imliva is 
said to be aperient and antludniintic. Many species liave been introduced 
into our gardens : a few bear the open air in sJjeltijrtjd places. 


RESEDAfH'LE are herbs or undershriihs with iinsym metrical 4-8- 
meroUwS small tlowera,coiumoiily with afiesliy one-sided liypogynous disk 
between the petals and the (.‘1-40) stamens, which it supports. Pistil prdy- 
cixrpellary and 1 -celled, or of several more or l(‘,ss distinct car[)el8. Pod 
.‘1- or (>-lohed, 8- or O-horned, 1 -celled witli .*» or pariotal ])lacentas, 
sometimes opening at the top before the ajieiispermic reniform seeds 
are ripe. Embryo curved. — Illustrative (huKua : Uv.H('da^ O/iyoineHs. 

AfRuitles, &c. — ^These plants agree in many respects with the Cappari- 
daceje, as in the presence of a disk supporting the stamens and the reiii- 
form seeds. By iluller they are placed between CUppavids and Crucifers. 
There is a more distant relation to the Papavarracefc, from which, however, 
they are always distingiiislied by their aperispermic seeds. Moriiig-ace® 
have many points in common, but differ in habit, foliage, straight embryo, 
and monadelphous stamens. The one-sided disk is an outgrowth from the 
thalamus. The petals of the Mignouelfo have a broad claw and a deeply 
divided or fringed limb. The pollen-grains are ellipsoid. The t)pening of 
the ovary before the seeds are ripe is worthy of note as an imcoiniiion 
phenomenon j it is well seen in the Garden Mignonette {lie^eda odorata). 
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Olif/omeris is remavliable for the reduction of the parls of the flower, 
having but 2 petals and 3 stamens, and the disk is likewise absent. 
Astrocarpm has separate carpels. — A small 03*der. JMost of the Ifinds are 
European ; hut a fljw occur in India, Houtii Afilca, and in California, 
The oest known plant of the Order is Jlf^sedu (ulonifa, so much valued 
for its perAime and liardy character, llvseda hit cola ^ a iiati\ e wecjd, com- 
monly called Weld, yields a yellow dye. Some of tlie species are acrid. 

IIIXAOEA^I are shrubs or small trees with alternate, usually exsti- 
pulate, entire, leal h(‘rv, ofttm dotted leaves; I’eyular Iktiu aphrodite or 
unisexual flowers ; sepals 2-7, slij^htly coherent l)e]ow, imbricate ; petals 
as many and distinct, or absent, someliiinvs very numerous; stamens 
liy])og‘ynous, ^'•ento'ally indelinite ; ovary sc^ssile, or sliji'htly stalked, 1- or 
rarely moivj-celfl'cl, with two or more jinrit'lal jdacf-iitas; ovules curved; 
8e(‘ds nunnu’ous, witli a straight or sli<rhlly curved embryo in the axis of 
fleshy perisperm ; cotyh'dons hroad ; rudiele next the liiJum. — lllustra- 
tivt^ (l(‘iH‘ra: Uiva, L. ; 0//cei!»n, Juu'sk.; Fhtcourthij (Jommers.; AVyM/'ov/w- 
mum^ Lam. 

Affinities, &c. — Ibdated to the Samydac.cje. but distiiifjfuished by their 
hvpo{.rynous sluuums, and to the Passitl<)nic(\‘e, hut d('slitut(^ of a coronet. 
Enmi Capparids tliey difler In their p(‘Hspermie seeds; from (flslaceje in 
1li(‘ir strai«^!it emhryo. LtMilham and Hooke]* leler tin* small pToup 
I’aiipaceje Iku'c*. wliile llnillon inchuh's Pa})ayae<‘a‘, Lacistemacea), and 
'rurueraccje. 'J’lie s})ccies urt^ not very numeions, and art' most ly natives of 
the hottest re^nons of the jiJobt'; some of the plants art' hitter and astrin- 
e-ent; tlu' ptilpy fruits of Oavohu, of Fhtcuurtia JUwumtvhia, napidoj and 
sap id n'a are etlihJe. Jii.ru Oreh’/nfa yields the suhstauett called Ann at to, 
list'd for colouring? cheeses and as a dye ; it is derived from a pulp sur- 
rounding the seeds. 

OlSTA('^E/E are low shriihs or lierb-t willi rt'gulnr hermaphrodite 
flowt'i’s, pt'i’sisteul imhricate calyx, caducous crumpled pt'tals, distinct 
hvpogyuous, mostly indetiuite stamens; i>od l-cel!t'd, o-valved, with as 
many })arieta1 phict'iitas ; ovules strnigJil ; st'cds jierisperiuic : emhryo 
curved or sjdral, with the radicle remote from the liilum. — Illustrative 
Genera : ( '/Vu-s, Jlclhndhenuim. 

Afflnltlpfl, &c. — Nearly related to Yiolact'.'c, Lixaetw, and Droseracem, 
but distinguished hy iht' form and direction of the emhryo; from the 
Hyp«?ricncea> by the structure of the fruit and the absence df dots on the 
leaves, am! from Liiiacete hy the fruit; they als<] a]>}>roach IVpaveraceje 
by JMidnnnmm : and Lindley considers that there is some c'onnexion 
with (hi]]pavidacea> and Grucilerm ; but tlii' 4-inerous plan and aperisper- 
luic sei'ds of these (Jrders remove them widely. Sf)me of the Hftltanthrma 
liave dimorjdiie flowers. The pollen is ellipsoid. Lechra has stamens 
fewer than the petals. The Gistaceie are most abundant in South Europe 
and North Africa, but occur in other parts of t he globe. The gum-resiu 
called Ladanum is obtained from iSstus erefiais, )adamferu.% Lvdon, and 
others ; and the plants generally are regarded as resinbus and balsamic. 
Many species are cultivated for their beautiful but fugacious flowers. 
Hd'imithvmvm rutpare, a native plant, is remarkable for the irritability of 
the stamens in the newly opened flowers. 
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].)R0SE11A01LE are bog-lierba, mostly glandular-haired, with regular 
herinaplirodite o-morous llowers and mar^iescent calyx and (corolla ; sta- 
mens as many as the petals, or indeiinite, hyj)ogjiK)U« or perigyuous ; the 
authers fixed bj" the middle, oxtrorse,* ovary free, 1 -celled; ovules 
numerous, iiiverled ; styles as many as the placentas or connate; pod 
1 -celled, plaventas parietal or basilar j the embryo minute, at the base of 
tlesliy perisperm. — illustrative (1 enera : L. ; Aldroranday Monti; 

iJionaa, Jillis. 

AlBnltiGs, &c. — HiG interesting but not very numerous plants of this 
Order are remarkable for the circinate curvature of tlieir dower-stalks, 
which, togetIn.T with tlio absence of stipules, the extrorse anthers, divided 
styhis, (fcc., s(;paral(‘s them from tl)e Violacem, which they approach ; 
tln^y ar<; connected with I lypcricacem by 7*<«/w/.s‘.s7V?, and have someadinity 
to (Jistaceic and Turneracc.m. Jlentham and Hooker place them near the 
Saxifrages. ThtJ.s(‘ ])lants are found in bogs or marshes in moat parts of the 
glo])e, excepting tiie Arctic regions. I'lndr most interesting charac- 
ters residt^ in tlie U'jncis, which in Droaora (Snn-d(iws) are covered with 
heauliful glandular hairs, wliich Jiave a spiral vessel running up their 
stalks and secrete a dig(istive duid. They are also endowed with the power 
of motion when touched, so that an ina(?ct aligliting on the leaf is unable 
to make its escape owing to the Aiscid lliiid exuded from the glands. 
Tlie Ijairs then bend over the insect, wlucii becomes dissolved by the acid 
fluid, and ultimately absorbed. Aldrovanda irsindosa, a native* of Soutli 
3iuro})e, has curious whoiied, cellular, spo(m-sl)Mp('d leaves. Dioncpa mud- 
pida, the Venus's h'lv-trap of the ^.'orlh-Am(‘ri(^an bogs (occasionally 
cuUivatt'd in stoves here ), is well known for tlie riunarkablt^ irritability and 
digffstive properties of ilie lamina of the leaf, the two lobes of whicli 
close iipmi any object touching the upper face. The Jlroseracetc are said 
to be uci’id. 


yiOLACE^E. Tjik Yio3.i:t Okdeb. 

Coh. I’ariotale.s, Bvnih. ct flool', 

T)i/(rf}u)m. — Tlerb-s or shrttbs : lisavos alteriiato, usually stipulate ; 
dowers regular or irn^gular, htTmaplirodiie, with a somewhat 
irregular, giuierally 3 -spurred corolla of 5 petals : stamens 5, 
hypogyuoiis, \\'ith adiiato ittirorse anthers coiinivent over the 
pLsiil, conned iv(» of the anther usually prolonged ; style and stigma 
single; pod 3 -celled; [l-valved, with pariidal placentas in th (3 
midtile of tlie valves ; seeds perispermic ; embryo straight. 

Character. 

Thalamus dat or slightly rounded. Calyx ; sepals 5, persis- 
tent, usually elongated at the back, imbricated in aestiva- 
tion. Corolla: petah 5, hypogynous, equal or unequal, one 
usually spurred, withering-persistent ; obliquely convolute in 
a'stivation. Btameus 5, alternate with the petals, or 
occasionally opposite, inserted on an hypogynous disk, often 
unequal ; antJicrs 2-celled, introrse, separate or cohering, and 
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lying upon the pistil ; the filament or connective prolonged be- 
yond the lobes of the anthers, in the irregular flowers two of the 
filaments are spurred at the base. Ovan/ compound, l-celled, 


Fig. 353. 

A BO 



A. Flower of Violet. B. Section of Kume. C. An(lra*(?ium. I). Plan of flower, with hmct 
and two braetlets, &<!. K. C’aitaiile ojM-n, foahow piirietul jdaeentiition. F Seed 
with aril, much enlarged. G. Seed with straiglit embryo m periKpenn. 


with numerous ovules on 3 pa.ri(>tal plactuitas opposite the 3 outer- 
most 8e])als, or rarely 1-oviiled; ondt’.^ analrojioiis ; single, 
mostly decliiiate ; stigma capitate, oblique, hooded. Fruit: a 
capsule bursting into three valves, with the placentas up the 
middle ; seeds mostly numerous, often arillate ; emhrgo straight 
in the axis of fleshy perisperm. — Illustrative Genera : Viola^ 
L. ; Papcyrola^ ^Aubl.; Alsodeia, Tbouars. 

AfflBltles, &o. — The typical formula is S5 1^^ A 5 (4 .‘1. By tlie irregular 
flowers and appeiidfiged anthers we readily distiiigiiisli most of 
the ViolaceaB from the Droseracem, Cistactae, and Sauvagesiaceae ; 
and in Ahodeia and otlier genera, where the calyx and corolla are 
regular, the simple style and capitate stigma are still available ; and 
several othe-r important diilerences exist, such as: — the definite num- 
ber of stamens and straight emhiy^o, unlilfe that of the Oistacea^ ; 
different vernation and slipiilate condition of the leaves, unlike Dro- 
seracew ; while Sauvagesiacem, besides having the anthers unappen- 
daged, have either numerous stamens, or, if five, tJiey are opposite to the 
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petals and alternate with five scales ; moreover the capsule hursts septici- 
dally, so that the placentas are at the edges of the valves. Violacetu are 
related more distantly to I*assiflorace«3. In the native species of the 
genus Violuy it is not uncommon so find apetalous floweivs, especially in 
the autumn. The pollen-grains are ellipsoid or prismatic. 

Distribution. — An Order consisting of a few genera, some, such as 
Viola and Ahodvia^ ricdi in species, the greater number with but lew. 
The irregular Vitdacem belong chiefly to hhirope, North Asia, and North 
America, where they are generally small lierhs, and to Soutli America, 
where tlicy are mostly shrubby ; the rt.‘gular genera, xLlsoileia &c., belong 
to South America, Africa, and Malacca. 

Qualities and Uses. — Tlie Order is characterized in general by emetic 
properties, which are especially developed in tin* South-American louidia ; 
L parriflomm^ I.Poa>fa, I. Itithn, are used tljero ijist(‘ad of Ipecacuanha, 
and tlie last was formerly suppost'd to be ihci true Ip(*(*aciianha-plant. 
Viola cantnn^ th(‘ conuiioii Dog-violet of our hedges, is said to he bene- 
ficial in skin dise{is(‘9; and thosfime properties are attributed to AnchiHia 
sahitaris in Drazil, Avliere it is also used as a purgative. The roots of 
the Sw(‘et Viohd, odorafa^ are emetic and piirgativcj ; its se(;ds an^ also 
purgative. V. tricolor is tin* Pansy or Il(!art’s-i‘ase ; its leaves have been 
suppos(Hi to contain hydrocyanic acid, since they smell like peach-blossom 
when bruised. 

The SAtTVAGESiA('j<:Ai: form a small group sometimes separated from 
Violaceje on account of the characters mentioned above. They are 
related to tlui Ilypericacem through Parmma, 

lACK/K constitute a small and unimportant Order bewaring 
very clos(; aflinity to the tribe Sihnu'jo of tluj Order ( 'a.]‘yopliyJlace,;r‘ in 
the floral envtdopes and stamens ; but the placentas are parietal, and the 
embryo is straight, which causes tlu-m to approach \^i(>laceie, and e,spo- 
cially Sauvagt'siacem, from whicli, liowever, tliey dill’er in their united 
sepals and extrorse anthers. M<KSt of tlie plants are. found in South 
Europe and North Africa ; but a few species arc scattejvd in other parts 
of the world. 'J'luw are said to be mucilaginous and aromatic. — Illustra- 
tive Genus: FranlicnUiy 

TAMAIMOAOIO/E are shrubs or lierbs of fastigiate growth, with 
alternate scale-like leaves, usually pitied ; flowers in close spikes or 
racemes; calyx 4-o-parted, persistent; p(‘ta1s distinct, spnnging from an 
hypogynous disk, equalling the petals or twic(‘ us many, distinct or co- 
herent; ovary su])erior, ovules miincrous, ascending; capsule f‘f-valved, 
1-celled, with .*> placentas either at the base or 1 in the middle of eacli 
valve; seeds comose or wing(^d, without poiis])erm ; embryo straight; 
radicle inferior. — Illustrative (Jenus; Tamarix^ L. 

Affinities, &c. — Jhidlicher looked upon this Oi chn*asi7iterraediate between 
ITypericaceje (through lloaumuriacefe) and Lythracete, while Lindley 
thought it stood rather between Violax’Cfe and Ciassulaceie, and l.)e 
Candolle placed it near PoiTulacaceae, as also do Beiithain and Hooker, 
who include in it Iteaumuricce and Fovqmria. From all the above, how- 
ever, it differs in the nature of the seeds. 



218 


SYSTEMATIC BOTANY. 


group consisting of two genera, one with se^'eral, the 
other with Toiy few siiecies. The plants are natives of the northern 
hemisphere of the Old World, growing chiefly by the sea-shore, or on the 
margins of rivers or lakes. 

Qualities and Uses. — The bark is bitter and astringent ; and those kinds 
growing near the sea yield abundance of soda wlien burnt. Tnmarix 
mamiifei'a yields the Si anna of Mount Sinai, a kind of mucilaginous 
sugar, HJiid to be exuded in cons»‘quenct^ of the attacks of a (kiccus-insect. 
SoA’cral S])Oci('S are attacked by gall-insects ; and the galls of T. mdicaj 
dioica^ Pfirds^ and oru>ut<dis are used iu inedicint' andf(»r th'eing. Tamarix 
(jalhca flourishes well near tlie sea on our coasts, and is an ornamental 
shrub. Myrieurui (jcrmmueo is a haisdsome siii ub in our gardens. 


CARYOPITYLLACE.^. Tino Pink Ohdeb. 

Coh, OHryo]>liyllimc, Jienth. H Hook. 

J)ia(/non<i . — IFeihs with opposite entire loaves; stems swollen 
at the joints ; flovviTs syinimil rical, 4~5-ineroiis, witli or without 
])t‘lals ; sh'inxuis (list inch, not inon* tliaii twice as mans' as tfie si.'paliS, 
hypogviions or ])erigvJioiis ; styles 2-r> ; seinls attaedied to the [)as(^ 
or to th(M*entnil ])la.(*(‘nta of the 1 -celled (nij*e]y o-o-eeJlod) cap- 
sule.; embryo eurv(!d round the im‘aly 2 )erjsperin. 


flat. Cah/.v : 4 or ])(‘rs!si cut, distinct or co- 

licKuit into a tube. Corolla ; prlals 4 or o, elaw'cd, often deeply 


Fig. 366. j?iff. 3/54. 



Fiff. noi Oap^nlf* of C.'roxfivm, 1)UT8t,. 

Fig, .S65, Sta tion of ecod of Lychnis: ct, endosperm; ft. einbrvo. 
rig. .‘{.36, Bioiiasia] eymo of Cerastium. 

Fig. 367. Section of a ilower of inlene, with an internodc between the cnlyv and corolla. 
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bifid, sometimes wanting, mostly separated by a sliort intemode 
from the calyx. JStaviais twice as many as the petals, or equal 
to and opposite to the sepals, sometimes fewer, inserted with the 
petals awl-shaped, sometimes coherent; innate. 

Ovary sessile, or raised with the corolla and stamens on a short 
stalk above the calyx, 1 -celled, with a (central placenta or with 
2-5 dissepiments extending to the centre ; oindes few or nume- 
rous ; stif/mas 2-5, filiform, resembling the styles, but papillose 
down the inner side. Fruit capsular, 1-celled, with a central 
placenta, 2-5-valved, or splitting into 4-10 teeth above (fig. 354), 
or 2-5-celled,loculicida]ly dehiscent, wnth the placentas adhering 
to the septa; mostly ind(4inito ; the emhryo mostly (;urved 
round the perispenn (fig. 355), rarely straight or s])iral, with 
little perispenn ; radicle next the hiliim. 


Tribe 1, AT.siNFiE. Sepals distiact. 

iSagiiiii, Ij. 

Al>ine, 11'a/tleah. 

Arenaria., X. 

Stt'llariM, L. 

Cta-astium, Z. 


iLLTTSTRATn’K (i KNEUA . 

j Tril)t‘2. SiLEMCyE. Sepals coherwy 
! into a tube. 
j J bant 1ms, X. 

8a])onaria, X. 

Hibme, Ij. 

I J^yclmis, X. 


Affinities, &c. — The ty])ifal floral foriimla is H 5 P 5 A 5-j-5 (1 5. The op- 
posiU? entire leav(‘s springing from ihicken(‘d nodes, definite .stamems, and 
the character of llje placenta, and seeds .m‘rv(3 to distinguish th(‘ great mii- 
jority of this 'well-marked Oj’der. The nearest relations of ila.' (-aryo- 
phyllacea3, as heie delincid, ar«‘ unquestionably the Illecehracojo and J*or- 
tulacacea), whicii \v(* s(3parate Tiiorc! foi'the sake of coiiveniencf) of distiiK?- 
tion than on account of natural di\ ersity, since in both those Orders there 
is a variation hetw(*en thi' hypogvixms and ])erigynons conditions. 'J'lie 
Illecebraceic may be distinguished hv their scaviuus Bti})ules and utricular 
fruit, and the J\)rtulacacea3 hy the 2-lea\ed calyx and by the stamens 
when equal to the sepals hfdng alternate, or o])p(>site to the p<d,als, since it 
seems more convenient to kee}> the Mollvyinete with l*oituluca(re[e if they 
are divided. 'J’ho apetalous forms, and tii(3 allian(*o with the Orders just 
named, connect this Order Avith the AmiiraiitacoJC and Oheriopodiacf*}© 
and several oth<Tfamili(3S, all characterized by a curved embryo surround- 
ing a floury perispenn. 

The placeutation of the Oaryophyllacenr! is regarded hy some authors as 
forming one of the exceptions to the marginal type, the free central 
column in mature ovaries being regardt*d as a product of the receptacle, 
independent of the carpels. But the dissepiments exist in the early stages 
of development, and are torn away during lh(3 expansion of the ovary.* 
hence there is no necessity to assume tlie inde})endent origin of the ])la- 
centas. Monstrous blossoms of plants of this Order do not decide the 
question, since these have been found with really independent growth of 
the ovules from the base of the ovary, and wdtli ovules aeveloped upon the 
margins of the carpels. Lyehnis and some other genera have petals with 
a scale-like outgrowth. Several species are dioecious. 
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Distx^ntloiL — An Order consisting of several genera and a large number 
of species, for the most part natives of temperate and cold climates, extend- 
ing to the Arctic regions and to almost the extreme limit attained by 
howering plants on mountains. 

ChialitieB ond Uses. — The plants of this Order are generally devoid of 
active properties — some of them containing more or less of a deleterious 
principle, calhid mponine^ as Saponarm, Agroxtemma^ &c. j and 

Gypmphila Stndhimn^ the Egyptian Soap-root, derives its name from its 
sapoiia(!eous properties ; tliis substance is geneTally most abundant in 
the roots. Tlie genus Dianihus^ or I*ink, is remarlfable for the beauty of 
its flowers ; 1). htfrhatus is the Sweet William ; 1). plinnnrius is the parent 
of tlie varieties of Claideu Pink ; J). ('aryopht/lltiH (tlie (Jlove-l*ink) of the 
(tarnation and its Narieties. Lychnia and tSihmv also afford handsome 
gardtiii plfinls. A large proportion of the Plants of this Order are insig- 
nificant weeds. 


MALVACE^^. The Mallow Ohdee. 

Coh. Mai vales, Benith. et Hook. 

Dltff/noffis . — Herbs or shrubs with altenuito stipulate lea v('s often 
covered with soft down and regular flowtTs ; calyx ^ ah ate, and 

Fig. 358. 

f 



Fifi' ff, flowrr of Xfnllow, lonffitiidirittl spf tion ; undrcpoinin : c, calyx and fruit; rf, 
curpt l dcUuhi'il: t, ciiriH l mt open to show eiiibr\o;y, diagram of flower, with 
three braeit-olee, five sepals, five petals, flveeompouml Mtnmens, and ten carpels. 

corolla convolute in testivation ; stamens numerous, monadelphous 
in a tube which is adherent below to the short claws of the petals ; 
anthers ultimately 1-eelled, or always 2-celled. 
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Character, 


Thalamus flat or rounded. Caly;x ' : sepals 5, rarely 3 or 4, more 
or less united below, valvate in the bud, often surrouiuhjd by an 
epicalyx. Corolla: petals equal in number to the sepals, hypo- 
gyiious, contorted in lestivation, free or adherent to the tube of 
the stamens. Stamens indefinite, luonadelphous, hypogynous, all 
perfect; anthers 1-2-celled. Ovary: carpels several, each form- 
ing a cell around a central axis, either coherent into a inuliilocu- 
lar compound ovary, or distinct ; ovules definite or ind(diiute, on 
the ventral suture ; equal in numbi^r to tlie carjxds or twice 
as many ; coherent or distinct ; sUymas various. Fruit : a stn eral- 
celled capsule, or a collection of separating iiidehiseent cocci or 
of follicles, the carpels J- or many seeded; with litth^ or no 
pijrisptu’in, emhryo cuined, cotyledons jnuch twisted, oily, testa 
sometimes hairy. 

Illustrative Genera. 


A. Androecimn tubular ; tuht* entire 
or hut sHyktly divided at the upe.v. 

Tribe 1. MALvKiE. Herbs or tin- 
dershrubs, Slaminal culunin antheri- 
fenms to the top ; styles us numerous 
as the eells of the ovary ; ripe carpets 
secediny from the columella. 

Malojx*, L, 

Altiiica, L. 

Malva, L. 

8ida, L. 

Tribe 2. Urenkao. Herbs. Sta- 
7ninal column destitute of anthers at 
the top ; styles twice as many as the 
cells of the ovary ; fruit as in Tribe 1. 

Pavoiiia, L. 

IJrcna, L. 


Trih(‘ 3. IIirtsoo.e. Herbs nr 
undershruhs. 6'fyles as many as the 
carpels ; fruit syne.arpuusy capsular. 

Hibiscus, L. 

Gossypiuiii, L. 

B. Andro:cium tubular at the base 
<mlyy or divided throuyhoui into 
Jilaments. 

I'ribc^ 4. BoMnA<u^A':. Large 
trees or shrubs, Sluminal column 
divided into l> or more divisions^ each 
with one or more anthers; styles 
confluent or equal to the carpels 
fruit syuearpousj dehiscent or hide-' 
hisceni, 

AdansoDia, L. 
bax, L. 

Durio, L, 


Affinities, &c. — The compound ” stamens of those plants appear first in 
the form of five little tubercles, the primordial stamens ; from the si<les of 
tliese are subsequently developed others. TJie anthers are bilocular in the 
first instance, but become 1-celied by the obliKnation of the partitions. 
Where the stamens are superjiosed to tlie petals it is probable that the 
latter are not autonomous organs, but outgrowths from the stamens. The 


typical formula may be thus written, S 5 P 5 A o G 5, variations being de- 

X 

pendent on cohesion, adhesion, multiplication, itc. Malvaceae are closely 
allied to Sterculiaceae and Tiliace® (especially to the first, which, in- 
deed, are only kept separate for convenience’ sake) by the general structure 
and the ttstivatioii of the calyx, but are distinguished by their 1-celled 
anthers ; to the Geraniace® they are related by the monadelphous 
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atameng, twisted jestivation of the corolla, and the occasional separa- 
tion of the carpels from a central axis in the ripe fruit ; with Chtenace© 
there is a connexion through the epicalyx or calycine involucre and the 
monadelphous stamens ; and some points of structure, but especially 
the properties, 'resemble those of Linacem : from CamellincecT, which have 
the stamens more or less coherent, they may be distinguished by the 
valvate calyx. Mafope presents a curious condition of the carpels, which 
are numerous and distinct, resembling those of a Kanunculaceous plant. 
Malraviavm has succulent fruit. Tlie epicalyx is probably of stipular 
nature. The Bombaceous subdivision is referred here on account of the 
1 -celled anthers. The trunks of some of the trees in this group attain 
enormous age and dimensions, as in the Adam<yma or Baobab, and the 
B<mihax\ the latter of which produce great projecting buttresses from 
their stems. The calyx in this subdivision is tough and leatJierv ; and the 
pollen is generally smooth, jiot spiny as in the rest of the family. The 
hairy seeds of lliis subdivision n'call those of ///?«. The Durio group 

of the triljo Boinbacere are clotlnal with large ]>eltate scales. In Boschia 
the anthers are ovoid and o])en by a teiminal })ore. 

Distribution. — iV large or(l<‘r with several genera and very numerous 
8p(H'ie' ; the lattcT are, most abundant in the troincs, diminishing gradually 
in the bunperate re'gions, a,nd ah.'Kmt from the Irigid zojie. 

Qualities ond Uses. - The ordinary propertie s of this ( Irder rh^pend on 
the abuii(l;nice of a bland mucilage, especially in tin* roots, as in the 
ISIarsli-inalltov (the h'n^nch (inim(nn'r') {Althfcu the flower of 

file Tlollyljocli {AHhcra rof^ett)^ the cinnnion iMallow {Midra splr(idriyi),^c. 
The leaves of the Hollyhock yit*ld a })lnc <lyt‘ like iiid’go. JIddyicNs m w- 
Ichtm furnishes okro or gomho pods, used in soups and as demulcents. 
But the most important qmdi tics of t iiest* plants <l(*pcnd upon t heir tissues, 
iiairioly the fibrous liber of tlndr stems, whicli in some cases furnishes 
large quantities of Innnp-like fibre to cominerct*, as the JBhisvU'i mmta^ 
hinm (Sun-hemp), IT. arhorvus^ vnri<.us s];ecies ol' ^S'/V/rr, i‘vc.. and theliairs 
of the seeds of Crostn/piutiif constituting (\)tton. Four distinct species of 
Cotton are supposed to exisi, viz. /nvWc/on, the ordinary Indian 
(Jottoii-plant, probably a cultivated -variety of (T iSfdcTsii, which is wild 
in 8indh ; G. arhorcinn^ the Indian ’^rreiwmtton : (}. harhadcuHC, to which 
tlie North- American Cottons and the Jlonrhon ciitton »»f India belonir; 
and (r. penn'imwnt or (mntdnidum^ Pernambuco or Brazil cotton. The 
seeds of Gos,vfpit(ni contain a large quantity of almost (;oloiirle^s oil, to- 
gether with a brown resinous subst iuce contained in sjiecial reservoirs, 
which colmirs the expressed oil. The liairs of the seeds of the Silk-f‘otton 
trees {Bomhax) cannot be spun like erntton, but are used for stuffing 
cushions, kv. The Durian ( Dario zihcfhinaK) has an aromatic edi ble fruit. 
The fruit of tlie Baobab (Adaasaiia), gigantic African and Australian trees, 
has an agreeable acid juice. Most of the Malvacem have handsome 
bowers, and many are cultivated in our gardens and stoves. 

STEECULIAOE^E. The Stebculia Okder. 

Coh. Malvales, Benth. et Hook. 

Diagnosis, — Herbs, treevS, or shrubs, sometimes climbing, with alternate 
simple or compound leaves and free deciduous stipules ; lloweis regular 
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or irref^ular, frequently unisexual by abortion ; calyx and corolla resem- 
bling mose of Malvaceae or petals absent; androeciuoi columnar or tubu- 
lar, or rarely stamens few, free ; anthers 2-celle(i and extrorse, in heads 
or rings or dispersed, wdth or without intervening staniinodes ; carpels o, 
rarely 'i or solitary, distinct or coherent, often pedicellate ; fruit and seeds 
very vai'iahle. 

Illustrative Genera, 


Tribe 1. Steroxjlte.e. Fhnvers 
and unisex' nal Inj abortion; 
anthers clustered or annular, 
lleriticra, Ait, 

Stcrculia, L, 

CoLi, Schott. 

Tribe 2. ITklu'terk.e. Flowers 
perfect ; pet(ds di 'ciduous. A ndro ci uni 
columnar helou'^ cup -shaped above : 
staniijiodcs on the margins of the cup^ 
aUernalinp with the ajifhers. 

11 diet ores, L. 

Tribe .‘i. Eutol^rntilu. Flowers 
hennaphrfulite; petals deciduous. A n- 
drtr.cluni tubular, eontcfd, antherife- 
reus for nearlf/ its whole Umjth. 
Eriohenu, DC. 

Tribe 1. Ere MO MTE.R. Flowers 
hermaphrodite : stamens eon joined ; 
anthers 5 ; sUoninndes ivantinp. 
Ereinoritia, Jlooh, 
CheirostcMiion, L. 

Trilx^ 5. l)o^!TiEY^^’E. Flowers 
hermaph rodite ; petals fat, persistent. 
Andracium tubular ^ antheriferous at j 


1 the manp'n; antIuTs solitan/ or in 
p roups f alter natinif with stum inodes, 
Doinbeya, Car. 

Mclhania, Forsk, 

Tribe G. IlKiiMAXNrEAi!. Flowers 
I hermaphrodite ; petals persistent y 
eesti ration. Andraeiuni 
I tabular at the base only ; staniinodes 
! uundiny. 

lleriiianiiia, L. 

I W'altheri.i, L. 

i Tribe 7. ErKTTXKRi e/R. Petals 
; eoneave at the base ; andrweinm 
; tubnlar ; anthers maryimd, solitary^ 
or in yrt.ups between the staniinodes. 
IJiKUliieriji, fj. 

I Alii'oiua, Jacq. 

LeptonycJiia, Turez. 

Tribe 8. rj.\siorET/VT,Ari3. Flowers 
hermaphrodite ; peUdsi) or srafcAike 
or tarn eot ate. Andrawinm t aha tar 
below, beariny above Jive anthers and 
as many staniinodes, tie latter oppo-' 
site the sepals or wantiny. 

Thoanisia, (ray. 
Liisiopetalum, Smith. 


Afflinties, &c. — Tlie usually 2-celled anthera separate the plants of tliis 
Order from the Malvucexc, the monad cdplious condition from the Tiliacere, 
Nevertlieless the distinction between this Order ai»d JVfalvacea) is purely 
artificial, and is here retained for convenionco’ salaj only. 

Many plants of this Order are interesting in structural respects. Dela^ 
heehea (Australia), Prachyehitony mid others have n trunk swollen midway 
bet'ween the ground and ihe crown of the tree, giving the appearance of 
a huge flask or bottle. Ilelicteres is so called from its twisted follicles ; 
the pods of some Sierculiere open out like leatliery leaves with the ripe 
seeds on their margins. The species of Sterculia and Cola are remarkable 
for the variable condition of their seed, some having perisperm, others not ; 
the direction of the radich* with reference to the hiluni is also different in 
different species. Cola has often three or four cotyledons, or perhaps 
two, deeply divided. The pollen is ovoid with three plaits, or globose or 
polygonal, not miiricate except in Dombeyece, 
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Distribution. — An Order the species of which are mostly tropical and 
8uhtr()])ical. 

Qualities and Uses. — Mucilaorinouft. Sterculin TragaeantJia yields the 
gum Tnigacanth of Sierra l^eone, vrem a similar gum ; the seeds of 
all the species are oily, like those of Malvaeefe ; tlie same properties are 
generally diffused. Slervtdia i/uttata and v/l/osa and specdes of other genera 
yi(;ld fibj'es fit for cordage and woven fabrics. Cola acuminata furnishes 
the (Join nuts, greatly osleenied by the iiegro(;s for their bitter restorative 
properfitis. Chrin>siemon plafanoides, the Hand-plant of M«ixico, has a re- 
markable-looking flower : the tube of the moriadelphous stamens is split 
ab(»ve and spread out, so that the anthers resemble five fingers or claws, 
wdiilo th(‘ curved style looks like a thun»]>. This and various other plants 
of the Order havti lii eii iutrodiiccal as stove-shrubs. The seeds of Theo- 
hroma cacao and otluu* species furnish the Cocoa of commerce. 

TILIACE.E. TitE liiMK on Ltxdkn Ordeh. 

Coh. Malvales, licnih. vt lL>ok. 

THrff/nosis, — (riir(‘ly luirbs) with altej'nato iisinilly stipulate 
]eav(‘S ; (lowtTS n'giilar, lionnaplirodito or imiseximl ; calyx valvato ; 
p(dals iinbricat(Hl in lestivafion ; .sepals (l(‘ci(lu()iis ; st:iin(Mi.s nume- 
rous, free, or polyadeljdious ; anlluu's 2-Cidled; ovary free, 2-co - 
ctdled; embryo curved; cotyledons h‘afy. — Jlliistrative Genera; 
Lnhm, Willd. ; Corchorns, L. ; Trinntfcita,, i^luni. ; Tilia^ L. ; 
Grearid^ Juss.; Klirocarjyna^ L. 

Affinities, &c. — 'file, distinct or polyadelpbous stamens, the 2-collod an- 
thers, and tlu* disk separate* these plants from tlu*ii' near allies, the Mal- 
vacea) and Sterculi icea;. hrom Caimdliaiaae lliey difiVr in the yDStivation 
of the calyx, and from Jfixacem in tin* slrm tun* of the fruit. Various 
roniarkabit* peculiarities of structure occur in the genera. Some species 
of Apeiha a.r(^ soi<l to hav<‘. 24 cells in the fruit ; Diplophracium has parie- 
tal pbu^entjis with s]uirions <li.sst*])inients in the fruit. 1’he ])()lyadelj)hous 
staiiUMis of Lahca^ and of the American sjxM-ies of Tilia^ which stand in 
buiulh'.s before the jictal.s, are supposed to be instances of chorisis ; 
but tin* })etal in tln*se cases is probably an outgrowth from the staminal 
tubercle. Limes ar(' pecjiliar in tin* adhesion of the flower-stalk to the 
bract, (h'vivia has glandular petals; has them fringed ; in 

some species they are absent. 

Distribution, — There are between three and four hundred species, per- 
taining to thirty-five or forty genera. The Tdmes or Idndems {Tilia) are 
trees of tlie northern parts of both hemispheres ; but the rest of the Order 
are cliiefiy tropical. Triumfettas are tropical weeds with bur-like fruits. 

Qualities and Uses. — The general properties are the same as those of 
the allied Order.s — mucilaginous juices and fibrous hai k. Many are valu- 
able tiinher-trees, and some yield edible fruits. The fibrous liber of the 
European TilUc fuviiishes tlie well-known Kussian “bast” or bass;” 
various 8])ecies of Corchonis furnish fibres in India, especially C. capsularis^ 
which affords “Jute,” a fibre veiy extensively substituted for hemp; 
C. oUtorim is used as a pot-herb. Tlie benies of Gmcia sapida, adaticaf 
and others are pleasant Jy acid, and are used in milking sherbet ; and the 
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berries of some kinds of Corchorus and of Elmocarpns are eaten. The 
seeds of Elceocarpus are used as btjads, and E. itiuaii yields a dye. 
Various species of ( Brazil ) and Grewia ( East Indies) furnish valu- 

able timber. The Lime-trees of Europe (IWa ouropwa^ (/randifolia^ and 
parvifolia) are valued not only for their hanty but for their beauty, their 
white e\ eii wood, and t)ie fraj^Tance of their blossoms. Many of the tro- 
pical species, such as Sparmannia africnua, Olifphcea preioioides^ have been 
introduced as stovt5-shrubs. llonekenya Jwifolia has largo violet flowers, 

DIPTEIlAChLK are large trees abounding in resinous juice, with al~ 
ternate strongly feather-ribbed leaves and large convolute deciduous sti- 
pules ; [lowers periect, the calyx o-lob(‘(l, lobes imbricate, unequal, 
persistent, afterwards often enlarged like wings ; pt^lals 5, liypogynous ; 
stamens liypogynous, indthnite, distinct, or sliglitly and irregularly polya- 
delphous; anthers subulate, coniuadivc often produired above; ovary 
superior, .j- celled ; fruit l-trelled by sujqm'ssiou, 1 -seeded, and d-valved 
or indebisceut, and surrounded by tlie eiibirged calyx, forming a crown 
above it; seeds aperi.spermic. — Illustrative (tenera: DipterocarpiiSy 
Gan-tii. ; Dn/nba/dimps, (Ticrlu. ; VaJcrut, L, ; JSborea, lloxb. 

Affinities, &C- Tropical trees related to tlie pieceding Orders in some 
respects, but in the iiubricated calyx and in oilim* particularshaving more 
aflbuty to the Olusiactiu*, from which they ditfer m the estivation of the 
corolla and in the presence of stipules. ^Thcir large de(.*iduous stipules 
resemble those of ; but the most characteristic feature of the 

Order is the (nihirged pin-sistfuit calyx, which forms long winged Jobes 
crowning the fruit. Soiiu^ authors separate JjopJilra as the typo of a 
distinct Order, which is in some degree (as in its 1 -celled ovary) different 
both from the 1 )ipt(U’aeeie and the Olnsia'-ejo, but may probably rimiuin 
among tilt*, former, yittvistrockidania a clinil><*r. 

XMstrlbntion. — This Oi’der eoiisists of tt*ii or iw(‘lvo gtmera, comprising 
upwards of a hundred species, d'ht^^e plants arti large tret*s or rarely 
cliinhiiig slirubs of the forests of trojiical Asia. Lophira belongs to Sierra 
Leoiitj. 

Qualities and Uses. — Fiiit? timber-trees whose juices yield a balsamic 
resin, of which various kinds are imported. Sumatran bard Camphor is 
found in tlie fonn (^f concretions in fissures and cavities of the trunk of 
Dryohalanupfi CaiNphora; the Camphor-oil. of Jlorueo and Sumatra is said 
to be the same substance in a fresber state. !Shorea rohmta yields the 
Dhoona or Dammar pitch, used for incense in India. Vateria incUca 
adbrds tlie Piuey resin or Piney Dammar of India, sometimes called 
Indian Copal or guru Animi, largely used for making varnish. Eiptero- 
carpm trinervis and other species yield a balsam like Copaiba., sometimes 
called Giirjun balsam or wood-oil. Lophira is called tlie Scrubby Oak in 
SieiTa Leone ; its dry corky bark contains no resinous juice. 

Cn.LA3NACE^ constitute a small and little-known Order, consisting at 
present of a few shrubs, natives of Madagascar ; related to Malvaceae in 
having monadelphous staniens and an epicalyx ; but the calyx is imbri«* 
cated in aestivation, like that of Camel liacete &:c. Placed by Lindiey 
near Oxalidacere, Balsaiuinacefje, Linaceije, and Oeraniaceae, by Benihani 
and Hooker near Dipterocarps. 
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TEENSTECEMIACE^ oe CAMELLIACILE. 

The Camelia Oedee. 

Coh. Guttiferales, Benth, et Hook. 

Diagnosis. — Trees or shrubs, with alternate, rarely opposite, simple, 
rarely compound leaves and no stipules ; flowers regular, rarely unisexual ; 
androeeiiiin polyandrous, bypogyjiousj sepals and petals both imbricated 
in mslivation j stamens more or less coherent (1-, 8-, or 5-adelplious) at 
the base, and adherent to the bases of the petals ; anthers 2-celled ; seeds 
few, some! imos arillate; perisperm little or none; embryo straight or 
folded, with tlio cotyledons large and thin, oily. — Illustrative Genera: 
Tribe 1. Kiuzonoi.Ein. Caryomr,\i.\ Tribe ‘2. ISIarcgtiaavie^.. Marc- 
(jraovia, L. ; Tribe 3. Tehnstecemi E iE. Ternstrccmia, L. f. ; Tribe 4 
Sauravjju]. tSfm?w//i7y Willd. ; Tribe o. Gordonte^ij. Gorc/oma, EUia, 
Canici/ia) hum. ; Tribe 0. Bonnettije. Xic/n/rgcra^ nrt 

Affinities, 8ko . — Ternstrauiiiads diilerfroui Bixads in their m any-colled 
ovary and want of stipules ; from Dipterocarps in their calyx, which is 
not aeciestH'nt, their in any- colled ovaiy, and watery (not resinous) juice. 
From Tilt aci'ce they diflt.r in their imbricate (not valrate) (.'alyx ; from 
Giittiters in their alt<‘)'naie leaves, usually perfcKd flowers, long style, 
curved embryo, «S:c. From IFypericads they dillei- in habit, foliage, and 
ii>tlorescen(re. 'ilirough iStfitrairJa they are emmeeted with the Eric’aceous 
genus (.ye/Z/ro and with Bilhmiuds. Bun/a estabJislies a. comiexion with 
ISapoUtcefC ; but these; latter plants have extrorse anthers. The tribe 
Mam/raacivte^ by some consideitid a distinct Order, comprises a few 
plants diliering li*om tlie rest of tlie Order in their aggregate flowers, 
introrse, ha'iitix(;d anthers, sessile stigmas, and spcciall}’ iu their veiy 
peculiar horn-line tubular bracts. The Ithizohokcc are largo trees, with 
opposite digitate h?at]n;ry lo:ives, with an articulated stalk, and no sti- 
pules ; se))als 5 or d, more or less coherent, imbricated ; petals o-8, inserted 
with tlie numerous stamens on an liypogynous disk ; stamens slightly 
coluu’ent, in two circles, the inner shoiltr and often abortive ; ovary 
Bupcu’ior, 4-0- or many-ctdled, with as many short styles and miimto 
stigmas, each cell 'with 1 ovule attached in the axis ; fruit of several 
combined indeliisceiit 1-vSecded nuts, with a large aperispermic seed 
chieily consisting of an onormotis tigellum "with the cotyledons lying 
in a groove. The large ])almate leaves of Caryocar resemble those of 
Aiacnlus ; but liere the caulicle, and not the cotyledons, forms the mass of 
the embryc. 

Distribution. — The '’J’ernstrauuiads constitute a rather large family, 
distiibutt'd nm'iily in tropical America and Faster n Asia; very few are 
found in ISorili America, and one species in the Canaries. 

Qualities end Uses. — tr’ioino Sauratifas possess emollient properties. Gor- 
donia is astringent. Tea is the produce of Thea chinensis ; black tea and 
green tea are i>roduced by the same plant, the dillerence consisting in the 
time of picking and mode of prepai*ation of the leaves. The stimulant 
properties of tea are due to the presence of a volatile oil and an astrin- 
gent principle ; the nutritive qualities to a nitrogenous substance called 
theine. The leaves also contain caserne, which, being insoluble in water, 
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is not utilized by us ; but it is stated that the Tibetans, after drinking 
the infusion, mix the leaves with fat and then eat them. Assam tea is 
the produce of a species, T. Amamioa^ a native of the country whence its 
name is deiived. Camellia Sananqua is used with Olea fragram to give 
flavour and perfume to Chinese tea ; C. oleifera affords excellent salad- 
oil. Frezia theoides is made into tea in Panama. The Marcgraavias 
have diuretic properties. The Souari nuts of commerce are the separated 
fruit-lobes of Cargocar Initgromm^ so called on account of the oil in the 
seeds. The timber of this tree is highly valued. Many of the plants 
of this Order are in cultivation on account of their handsome flowers, 
such as the Camellia, Gordonia, StuaHia, &c. 


CLUSIACE.E oa GUTTIFEll.E. Tub Gamboge Oudeh. 

Coh. Guttiferales, lienth, et Hook. 

Diagnosis. — Trees or shrubs, occasionally parasitical, witli resinous 
juice ; opposite, coriaceous, exstipulate, entire leaves; flowers axillary or 
terminal, perfect or diclitio us by abortion; sepals imbricated or in 2 or 
more decussating pairs, usually persistent and p<;laloid ; pt‘tals hypogynous, 
isomorous with the sepals, sometimes conh)undt)(l with them; stamens 
hypogynous, numerous, distinct, or in several })arcols, rarely definite, 
filaments of various Lmgtlis ; aiitJi(?rs adnate, not beaked, sometimes 
] -celled, opening by a pore or triinsvei*8e slit; disk fleshy, sometimes 
5-Iobed ; ovary su])erior, 1- or many-celled ; stigmas sessile, peltate, or 
radiate ; ovules solitary or few on axilo placentas ; seeds frequently with 
an aril, without ])erisperm. JCinbyyo larg(5; cotyledons minute, fused 
together or indistiiiguisluible. — Illustrative ( bujera: Clmia, L. ; Garcinia, 
L. ; Xnnthochgmns, lloxb. ; Camhogin, \j . ; Calophgllum, L. 

Ainnitic8, Ac. — This Order is related to the 1 Iy])ericace{e in many respects, 
but may be distinguished by the tnic-like habit, the leathery loaves with 
articulated stalks, tlio temlency to a biliary arrangement of the floral 
envelopes, the seeds usually solitary in the cells of tlic ovary, &c. The 
genera with 5-meroiis flowf'rs, Arrudvn, Muronoheea, &c., form a con- 
necting link. The relationship to Ternstranniads has hi*en alluded to 
under that family. The Clmim ar(3 di'scrihed as parasitical, overgrowing 
other trees and killing them; perhaps, however, they are merely epiphytic, 
like Ficus. 

Distrlbatloii. — The genera are about twenty-five in number, comprising 
some two hundred and fifty species, distributed throughout the tropics, 
chiefly in South America, but some in Africa. 

QuaUties and Usest — An acrid juice, forming a yellow gum-resin, with 
purgative properties, is one of the most striking characteristics of this 
Order. The various kinds of Gamljoge are the most familiar examples of 
this substance, and are derived from various species of Garcinia. Siam 
gamboge is yielded by Garcinia MoreUa, var. /3. pedicellata, Ceylon 
gamboge is said to be derived from Garcinia MoreUa, the form with sessile 
flowers ; the Pipe-gamboge of Siam from G. pictoria ; Coorg gamboge is 

q2 
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also from a Gareinia ; Cr. eUiptica furnishes the gambop^ of Sylhet. The 
species of Clmia yield a useful resinous juice, as do those of CdlophyUmif 
V, Cahha furnishing the East- Indian resin called Tacamahaca. Penta- 
desma hutijracea, the Butter- or Tallow-tree of Sierra Leone, is so named 
from the yellow fatty substance which exudes from the cut fruit. Kokuni 
butter, or Olemn Garcinu/if is a fatty substance extracted from the seeds 
of Garcmiu indica. Although the resinous juices are usually so active in 
their properties, the fruits of various Chisiaciefc are not only edible, but 
highly prizi'fl for their delicious iiavour- The IManimee Apple, or Wild 
Apricot of South America, is the fruit of Manmivo afrivanu^ the juice of 
the tiowiTs is fermented and distilled, and the sap is made into a kind of 
wine. The celebrated Mangosteon is the fruit of Gureinia yianyodmia 
(native of Malacca); other spt'cij's of Garriuia, as G. pedunmlafa, cornea^ 
&c., have edihle fruits. Vhma flam is called the Wild Mango, or 
Monkev-apple, in .1 aniaica. Tlie hitter ( ’ola ” s(;eds, not to b(‘ confounded 
with the true Lola, are yielded by a ( luliiferoiis tree, probably a species 
of Gareinia, 


HYPERICACE/E. The St. Joun’s Wokt Ojideh. 

Coll. (.} uttiferales, IJmth. vt Hook. 

Diayimis. — Herbs or shrubs with op])osito, entiio, dotted h'aves, 
without stipules ; n^guhir hennaphrodih^ tlowers, the petals in (>.stly oblique 
or convoluted iu the bud; tin; man}' or few stamens polyadelphous, some- 
times with glands hi'tweeu tliem ; capsule l-c<‘lled, with 2-5 placentas 
and as many styles ( Pa rnama)^ or by union of the dissepiments 

in the centre ; debis(!(mco septicidnl ; seeds numerous, aporispermic. — 
Illustrative (lenera: Hypericum fh.; Purnama^L. (aberrant formj; Cismia^ 
Velloz. 

Afflnltteii, Ac. — This Order is not distantly removed from the Clusiaccm; 
but the habit, tlie In'i'iiiaphrodite llowerc, ii. ualJv distinct styles, the want 
ot articulation of the peduuclcvS and petioles, tin* numerous wset'ds, and the 
5-merous floral envelopes generally utrord distinctive marks. From 
Teriistrouuiads they ditler in their cyniose iutioresceiice and opposite 
leaves, 'llie da.rk-coloured glands on the borders of the petals are very 
characteristic here, as also the polyadelphous stameii«, which are somo- 
tiiues regarded as instances of chorim, but which more probably are com- 
pound stamens. Tliese stamens are sometimes super]>osed to the petals, 
but ill Vumia ijuianenm there is also a series of aiitisepaloiis scales, which 
restore tlie symmetry. The genus Panwma dillers from the rest of the 
Order in its alternate leaves and the stigmas opposite the parietal pla- 
centas; but in some species of JTyptTienm the a\ile placentas become 
drawn apart during the ripening of the seed, and show their really mar- 
ginal origin ; and the glands on the petals of Parnasaia are probably re- 
lated to the bundles of stamens of Hyperieam. Bennett considers them 
as a modified inner row of petals. Parnasda is regarded by some as 
referable to Droseraceie ; it forms a link connecting^ the present Order 
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with Cistaceae and, beinjr sometimes perigynoiis, also- with Saxifragacem, 
with which latter group, indeed, it is associated by Hooker. A. W, 
]iennett places it near Saiivagesiacese, and describes the movement of the 
stamens observable in this plant as a provision for securing cross fertili- 
zation. 

Distribution. — There are a considerable number of species, distributed 
tbrougli 8 or 10 mmera. The plants are generally dispersed throughout 
the temperate and warmer regions of the globe. 

Qualities and Uses. — When a ycdlow juice resembling that of ClusiacesB 
exists, it is more or less j>u!*gative, as in 8(une American Ilyperica^ and 
still more in the species of which yield a guin-resin like gamboge ; 

that of V. f/uianenslit (Mtjxico and Suriiiairi ) is known as AiiKirican (Tummi 
(jutta. Ill the bluropean species of llifperkurm the essential oil of the 
glands predominates over tlie yellow juice, and thtw are sometimes used 
as tonics and astringents. JT. Androurcmunt and the many other native 
s},)eci<‘s havt; a strong and peculiar odour, especially when dried; II. hir~ 
cinum is fetid. 

IlKAUMUiUArEiE Consist of a few plants scarcity soparable from Ilype- 
ricactw. Tluw have sliaggy steeds Avith a small quantity of perispenn, and 
a pair of appendagiis at t he base of the ])etals. Jkaitham and Hooker 
reter them to Tamaricaccae, from which they diiler in their solitary 
flowers and floury perispiiriu. 

ELATINAOM/E (Watku rKPPEns) are little annual marsh-plants, 
with opposite dotless leaves and membranaceous stipuhis ; flowers minute, 
axillary; sepals and petals 2-5 ; capsule 2-5-c(lled, with an equal niun her 
of Hlyles Avitli capitate stigmas; seeds numm’ous, a])eris]>erniic. This 
little Order consists of a few species 8(*a1tered all over the world, gene- 
rally aiu'id in character. 'I'lieir relations are variously regarded by 
diflerent authors : f(‘niiei*ly they Avere plactai near A/s/ttrec' in Caryo- 
phyllnceie, from Avhich tlidir inany-celled ovary diAddes thmn ; they 
appear at least equally relaU'd to Jlypericacojc, from Avhich tliey differ in 
the presoiice of stipules and the isonierous flowers ; they come near to 
Zygophyllaceie, as shown by Lindley, the transition being effected through 
the genus Anatropa. 


SAriNI)ACE.E. Soap-worts. 

Coh. Sapindales, Benth. et Hook. 

Diagnom . — Trees, shrubs, or rarely herbs, with simple or com- 
pound alternate or opposite leaA^es ; flowers mostly imsymmetrical and 
irregular, the 4-5 sepals and petals imbricated in aestivation ; the latter 
often provided with a scale at the base ; the 5-10 stamens inserted on a 
fleshy hypogynous or perigynous disk ; ovai^ 2-3-celled and lobed, Avith 
2 (rarely more) ovules in each cell ; embryo mostly curved or convoluted, 
without perisperm. 
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Illustrative Genera. 


Suborder 1. Sapinbeae. Lemes 
nmtaUy alternate ; Jlowers tisvdly ir~ 
regular ; ovules mostly solitary ; em~ 
hryo curved or sometimes straight, 
Cardiosperraum, L, 

PaullinifljX. 

Sapindus, L. 

Cupania, L. 

Suborder 2. 

a cell, one ascending, the other sus'- 
pended; anhryo curved, 'ivith large 
consolidated cotyledons. 


-^Esculnp, L. 

Pavia, Boerh. 

Suborder .3. Dodone®. Leaves 
alternate ; flowers regular ; ovules 2 
or 3 in a cell ; embryo spiral, 
Koelreiiteria, lAim. 

Ophiocar 3 ’ou, Schomb, 

' Suborder 4. Mkliosmeje. Leaves 
alternate ; flowers very irregular., stn- 
1 mens 5, only 2 , 

cell, both suspended; embryo 
folded, up : fruit a drupe. 


Afflnitiefi. Ao. — Some aiithorfi separate the Tlippocastanew and make them 
a distinct (.)rdcr, on account of the opposite leaves and tin? two ovules ; 
and the Meliosmefe (which art) rt*fem*d to Sabiacefe by ]loiitham and 
Hooker) on account of the irrepilar Howers and drupaceous fruits; hut 
these distinctions are esteemed insutfi(‘i(*nt. I’hes(* plants are nearly re- 
lated to Acerac(.7P, especially by the samaroid fruits common here : the 
main distinctions are variable ; for tln^ two carpeds, the 0 ]>p(>site leaves, 
and the absence of scales on the p(‘taJs and (»f an aril may be noted in 
Sapindacea) : from Malpipfhiaeojc, which have samaroid fruit, they are 
distinguished by their iiiisymmetrical flowers. I'he ]j(}culiar convolution 
of the embryo is a very marked character in many of tlieSapindaceie, and 
is very curious in Ophioea?'yon,tlw SnaliO-mit. Tlie wood of the stems of 
some genera, such as Sapindus, ranllinia, kc,., prestmts anomalous con- 
ditions from the distribution of the tibro- vascular structures into several 
groups, so that the trunks have a number of woody axes besides that 
surrounding the pith, all enclosed in a common bark. 

Blstiibatlon. — The members of this large group are natives of the 
tropics, especially of South America and India ; some occur in North 
America and other temperate regions; the Horse-chestnut is only 
naturalized in Europe. 

Qualities end TTsos. — The properties of this Order are very various. 
They take their name from the saponaceous principle contained in the 
fruits of species of Sapindus, S. Saponaria &c., wliich makes a lather 
with water ; hence the fruits are list'd for washing both in tlie East and 
West Indies; the Horse-chestnut, Jbisctdus Hippocastanmn, it 

to a certain extent. Tlie fruits of Sapindus are acrid ; and the Juice of the 
leaves and bark of some species is poisonous, as are the seeds of S. sene~ 

‘ The fruit and leaves of the American Horse-chestnut or Buck- 
eye, ^^etdus ohioemis, are said to be actively poistmous, while the seeds 
of Hippocmtanim are given to sheep in Switzerland. The Paullinios 
are veiy poisonous, from an acrid narcotic principle ; yet P. sorbilis fur- 
nishes in its fruits an article of food for the Brazilian aborigines, called 
Guarana bread. Guaranine, an alkaloid extracted from various species of 
Paullinia, has properties like those of Theiue. Other plants produce deli- 
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cious fruits, such as the Chinese Litchi, the Longan and the Ramhutan, 
from species of Ne^^hdium ; and the fruits of Schmidelia edulis (Jirazil), 
Mdicocca hijiiya (West Indies and Brazil), Pa^pea capemisy Oupania 
sapida, PuuUima mbrotimdUf Schleiclwra irijugiiy Saphvdm esculentusy &;c. 
are all eaten. 

Staphyleace.t:, comprising a small number of species, were formerly 
regarded as related to Celastracefe, but are now placed near ^apindacefe, 
from which the}* dirter chietly in tlioir stipulate, opposite, pinnate leaves, 
symmetrical flowers, perisperniic seeds, and straight embryo. They are 
of little importance ; the species of t:itaphiflca are scattered all over the 
world. <S’. pinnatay the Bladder-nut, a native shrub, has oily and slightly 
purgative seeds. 

ACKRACE.K (Maplks), a suborder of 
Sapiiidace?e, Jivnth. et JLHih.y coiujudse trt'os 
or shrubs with oppositt) leaves; regular, nn- 
symmetrical, poh gamous or dimcioiis, some- 
times apetalous flowers; stamens on a. fleshy 
disk (tig. doU) ; ovaiy 2-lobed, 2-celled, with 
2 ovules in each cell ; fruit a double samara, 
with 1 seed in (sach c<'il; seeds without 
penspenn; cotyledons folded, radicle inferi(*r. 

— Illustrative (.leuera: Avery li., Xegiuuloy 
Mceucli. 

AfAnitles, «rc« — Nearly related to Sapindaceto, and placed with them by 
Bentham and Hooker, fnaii whicli, however, they differ in tlndr <.>pposile 
leaves and petals without scales; allied also to iMalpighiac(‘{e, from which 
they differ in the absence of glands on the calyx, superior radicle, and 
other characters. 

Dlstribtitloii. — The group consists of (iO to 70 species, natives of the 
temperate parts of Europe, Asia, and North America. Traces of them 
are tirst observable in the Lower Miocene formation. 

Qnalities and Uses, — (Jhiefly reiuarkahle for the sap, from which abun- 
dance of sugar is obtained in spring, es^iecially from A, mvcharimnn 
(North America). Their liglit and liaiidsoiue timber is aho valued for 
joinery kv. The bark is astringent, and uschI in dyeiug. A, vampestrey 
native Maple, and A. pseudo-phn.anus^ the iSycainorti, are common trees 
in Britain. A. Neyundo and various otlier kinds of Maple have been intro- 
duced from North America on account of their beauty as ornamental 
trees, especially in autumn. 


Fig. 359,' 



Btiuneus and 
ovnrv of Arpr. 


P(>LYGALACE.E. Milk-worts. 

Coh, Polygaline®, Betith. et Hook, 

Diaymsis . — Herbs or shrubs with alternate, exstipulate, sim- 
ple leaves ; irregular hermaphrodite flowers ; 4-8 diadelphous or 
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MOiiiMteilplious stamens ; the anthers l~2-celled, opening at the apex 
by a pore or clunk ; fruit a 2-celled, 2-seeded pod ; seeds caruncu- 
lated. 

Character, 

Thalamus flat or oblique. Calyx ; sepals 5, very irregular, distinct, 
often membranaceous; «3 placed exterior, 1 behind and 2 in front, 
the interior 2 {wings) latt'ral, usually petaloid. Corolla : petals 
usually 3, 1 anterior and large Qceel) and 2 posterior, between the 
wings and posterior sepal of the calyx, and often (coherent with the 
keel : sometimes 5, the additional 2 small, and j)la(*ed between the 
wings and the anteiaor sepals on oa(‘h sid(^ ; the heel entire and 
with a fringe or crest, or 3-lol)ed and without a crest. Stamens 
hypogynous, 8, colan'ent in a tube, unequal and ascending ; the 
tube split o])posite the back s(‘pal : or 4, distinct ; anthers dux Rti% 
1 -celled, and opening by a terminal pore, or 2-cel led. Ovary 
compound, 2~3-(‘e]led, one cell always suppressed in some cases ; 
ovules sns])ended, solitary or twin : style ami stigma simple, some- 
times bood(‘d. Fnn't \ arious, dry or sueeiihmt, soimdimes winged ; 
seerh pendulous, Jinked or with a hairy eoal, a eamncle next the 
hilum ; embryo straight or mnirly so, in abundant ])orisperm. — 
llluslrativo Genera : JiOni\ ; I\)lygala, L. ; Mnndtia, 

Kiiiith j Moimina, .Huiz & Ikiy. ; Secifridaca, L, ; Xanthophyllum, 
Koxb. ; Xrameria, Ladil. (?). 

Affinities, &c.— Tlie I’elations of the I’olygalact'je lun o been a subject of 
nnicli discussion among botanists. The irregular (‘ulyx and corolla, sonie- 
wliat papilioiia, coons in Vohjyala^ baa led to a C(»njparisojj to J^eguminosai, 
from wJiich, liow(.*ver, they difl(*r widt'lr; Tn()i‘(jo\(‘r the odd petal is 
anterior in Polygalads, not next the axis as in Legtjininoajo. The irregu- 
lar petals, togetberwith the hooded stigiii;. hav(‘ suggested a ndationship 
to Violaoeaa : Jlrown pointed out their relation to 'j'reniandracea 3 , of 
wliich they may be considered irrognlar tbriiis ; Knimcria has been re- 
ferred by some writers to tlie Caesalpineous di>'isioii of the Leguminosa?. 
Most authors, however, are agreed that the nearest atliiiity is to Sapinda- 
ceae. Kroineria is raised to the rank of a distinct Order by a few writers, 
on account of the different corolla, composed of T) petals, 4 (often free) 
stamens, and I -celled ovary. Moutahea has sepals, petals, and stamens 
connate into a tidic. Xunihoplnflhan has free stamens, 2-celh4 anthers, 
and a 1-celled fruit, l^erisperm is sometimes wanting. The pollen in 
PolyyaJa is elliptical, with numerous bands. 

Distribution. — A large Order, nearly half the species of which are 
comprised in the genus Polyyala and are very generally distributed j the 
others are mostly confined to particular quarters of the globe. 

Qualities and Uses. —The plants of this Order are mostly bitter, and 
aciid or astringent, witli a milky juice in the root, llie co»mmon IMilk- 
wort, 1\ vulgaris, and especially the form called P. amara, possesses 
bittei’ properties, but in less degree than P. rubella, of North .tVmerica. 





Spuhmea amara (Molucca) is sai<l to be intensely bitter. The more 
active species of Polygala have emetic, purgative, and diuretic properties : 
P. Senega^ the American Snake-root, with P. sanguinm and purjinrea]^ the 
Cape l\ ^-rpentaria, the European P. chamt^hvxm, and the P. crotala- 
rioides of the Himalayas &c., all show this property j and they are like- 
wise all reputed antidotes against the poison of snakes. P. rmenosa (Java) 
is regarded as a poison, the properties being excessively conctmtrated. 
P. tinctm'ia (North America) is used in dyeing. The harli of the root of 
a species of Mundtia contains a saponaceous substance, and is used for 
washing. Krameria trinndra and other species, called Hhatany, are 
remarkable for the powerful astringent qualit}^ of the roots, which gives 
a deep red colour to an infusion. Kliatany-root is used in medicine, and 
is employed also to adulterate Port wine. 

TuRMANDUACEiF: are a small Order of plants related to Polvgalacoce, 
but with a regular, symmetrical Hower, valvate calyx, fiee stamens, and 
seeds hooked at the clinla/al «‘nd. They may be regarded as regular- 
llow'ered Polygalas. De ( Candolle placed them between Polygalaceie and 
Pittosporaceai. — They are slight, heathy sliriihs, growing in Australia: 
]() species are know'u', belongiiig to the genera Trematidra, ajid 

Plafyiheca. I’hey derive their name from the porous dehiscence of the 
anthers, and are of no known use. 


MALPIGII1ACE.E. 

Sei'ies Discifloric j Cohort Geraniales, Ihnili, et Hook. 

Diagnosis. — Trees or shrubs, often climbers, with usually opposite or 
W'horled, rarely allt-niato lejn es; stipules geiU'ralJy sljort and uecidiious, 
occasionally large and opposite the buives j flowers perfect, or polygamous ; 
calyx and coiolia o-merous, calyx w illi glands at tlie base of 1 or of all the 
segments; petals clawed; stamens mostly 10, often monadelplious with a 
tliickened produced connective; caipels .*», or very randy 2 or 4, wholly or 
partly coherent, ofUui keehal ; ovules solitary in the cells, ])en(lul(jus from 
tong funiculi ; seeds aperispeniiic ; embryo with mostly convolute thick 
or leafy cotyledons. — Illustrative Geuera: Malpighiay Plum.; Jllrcea] 
Gaudichaudia ; Panisteridy J.<. 

Affinities, &o« — The closest relations of tliis Order are Sapindacete and 
Acerfujea), from w'hich they are distinguished by their symmetrical fiow^ers, 
and generally by the glands in tlio calyx, the long .stalks to the petals, tlie 
small disk, and solitary ovule. Many of the species have dimorphie 
flowers. Some of the climbing kinds have stems of anomalous structure 
with several woody axes, without annual rings, enclosed in a common 
hark, or ultimately more or less separated from one anotlier. Kitrariuj a 
genus of saline plants, is sometimes separated as a distinct Order. Two 
or more embryos in the same set^d occiu' in some species. The Order is 
a large one, comprising many genera and species, which latter are mostly 
Tropical-American. Their properties are generally unimportant; many 
of them have been introduced into our stoves on account of their showy 
flowers. The fniits of Malpighia glabra and jnmicifolia are eaten in the 
West Indies, under the name of Barbadoes Cherries. Munby supposes the 
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sedative or semi-intoxicating drupe of yUraria trulentata (North Africa) 
to have been the Lotus of the ancients. The barh of most kinds is as- 
tringent ; the hairs of some Malpighias sting powerfully. 

EuYTiTitoxyLACKiB are by some authors separated from the Malpighi- 
acese on account of the calyx having no glands, while the petals present two 
membranous plates, on account of tbtiir capitate stigmas, and the absence 
of a long funiculus to the aiiatropous ovule. They are closely allied to 
Lmacea>^ with which, indeed, they are associated by Lentham and Hooker, 
but differ in the presence of scales to the petals, their drupaceous fruit, 
and woody stem. They are shrubs, mostly belonging to one genus, -En/- 
throjLylon, and found most abundantly in JJrazil ; but a few are scattered 
all over the globe. They retuiive their name from the red colour of the 
wood of so)ne kinds, such as lilntlhy'o.vyhm ht/pn'wifolium (Mauritius), 
The most remarkable plant of tlu^ Order is A’. Covity the leaves of which, 
under the name of C^)ca or Ipadu, are largely consumed in Peru and in 
Equatorial America, to prodiu e a kind of iiiloxicatioii ; “ Coca ” is said to 
enable the natives to go two or three days without food ; it is mixed with 
powdered chalk and chewed. Its properties are due to a principle like 
Theine, which arrc'sts ihe sense of fatigue and hunger. S('veral species 
of JErythroxylon are recorded, and two or three belonging to other Genera. 


MELIACE.E. 

Series Disciflorro ; Coh. Geraniales, Benth. et Hook, 

^ Diagnosis , — Trees or shrubs with alternate or somewhat opposite, 
simple or pinnate leaves, without stipules : ilowers sonietiint's dicliiinus by 
abortion ; calyx and (!cu*olla 4-, or o-merous ; slauieiis twice as inajiy, 
coherent, in a long- tube or free ; anthers sessile in tlu^ orilice of the tube ; 
hypogyuous disk siunetimos cup-liko ; ovary free, compound, few- or 
mauy-celled; style 1; ovules 1-:^, rarely 4 in a cell; fruit succulent or 
capsular, often I -celled by a]K)rtion ; .cecils ni)i wingtid ; perisporin lieshy 
or absent. — Illustrative (Jenora; Melia^Xj. : 'frivhilia^ L. ; Swietenia^ 1 j, \ 
Cedrcla, L. 

AfAnitlott, fte. — Nearly related to Kutuccnn. It diflers in the leaves, 
whicli are generally not dotted, and in the staminal tube ; from Sapinda- 
cea? in the uset'ndinp ovules, with ventral raphe. The species are nume- 
rous, and are found in the hotter ])arts of tlu; globe generally ; they possess 
bitter and astringent propertit^s; some are powerfully purgative and 
emetic, such as (junrea Anhletii and frichilioidesy Trichilia emetica^ 
J/e/ift Azedarueh, the Neom-tree, or Margosa, of the East Indies, Is sup- 
posed to have febrifugal properties ; its succulent pericarp yields an oil; 
and a kind of toddv is obtained by tapping it. Carupa gume(‘nsis yields a 
purgative oil, whicb is used also for lamps. Latmum^ a geuus of the East- 
ludian archipehvgo, yields an edible fruit called Limgsat or Lauseh and 
Ayei'-Ayer. 

The ijedrelese are distinguished from other Meliaceae chiefly by the 
f^e stamens and the uiunerous winged seeds. C/doroxylon and Blinder- 
sia have dottt?d leaves. The plants are most common in the tropics of 
America and India. They have fragrant, aromatic, and tonic properties, 
and their timber is valuable. Swietenia jMahogani is the Mahogany- 
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tree ; its bark, and that of Cedrela Toona^ feh?nftff/aj and other species, 
are used as substitutes fur Cinchona. Chloroxi/lon Swietmia furnishes 
East-Indian .Satin-wood; and an oil called Wood-oil is obtained from it. 
Oxley a xantlwxyla is the Yellow- wood of Australia. 

AURANTTACE.^. The Obanoe Ohdeb. 

Series Disciflorae ; Trihe of Rutaceso, Bimth. et Hook. 

Diagnosis . — Trees or shrubs with smooth, glandular alternate leaves, 
the blade jointed to the petiole; flowers rt^gular, horniaphrodito, .S-5- 
nierous; petals and stamens inserted on an liypogynous disk; stamens 
with flat filaments, distinct or coherent into one or several parnels ; ovary 
many-celled, style single, terminal ; fruit pulpy, often with a glandular 
leathery rind ; seeds without peris])erm ; embryo with thick fleshy cotyle- 
dons and a short radicle next the liiliim. — Illustrative Cenera : Triphasia^ 
Jjour. ; Bergerdf Keen. ; Co Jda^ Sonner. ; FormtiHy Corr. ; Aigle^ Corr. ; 
Citrmy L. 

Affinities, &c. — The plants of this Order are by llentham and Tlooker 
classed as a tribe of Bntacefe., and are nearly rela,t(‘d to llie Meliacem in tlui 
structure of the flowers, and still more closely to Amyridace/e. In general 
they are distinguishable by tlie dotted loaves, with the blade (sim])le or 
compound) articulated to the petiole, the deciduous imbricated petals, 
and the succulent fruit. Idie indation to Kulacem is rendered chsarer by 
occasional monstrosities of the. fruit, from whicih some of the carpels grow 
out like liorns. .Sometinnss a second circle of carpels is produced, forming, 
a.s it w'ere, a double concentric fruit, comparable in some measure to the 
conditions in tlui Pomegranate, where, howevtu’, tlie whole fruit is en- 
closed in the excavated rec(*])taclo. The pulp of th(‘ Orange consists of 
cellular hairs produced from the wall of the fiiiit. The seeds of Oranges 
often contain two embryos; and they are nmiarknble Jbr the develop- 
ment of ramified collections of spiral vessels at tlui chalazal end, within 
the testa, also for a peculiar coloration of the inner coat of the seed in 
this situation. 

Distribution. — Chiefly East-Indian plants, but difl'used by cultivation 
throughout tlie tropics, and eveu in the warmer temperate regions. 

Qoallties and Uses. — The most remarkalde parts of these plants are 
their fruits ; those of the genus Citrus being among the most valuable and 
best-known of imported fruits. The species of Citrus are not clearly de- 
fined, much difference of opinion existing' as to the specific distinctness of 
certain forms, which, as in most cultivated plants, are much confused, 
C. Auraniium is the common Sweet Orange ; C. Bigaradia or C. mdgaris^ 
the bitter or Seville Orange, seems to be known only in cultivation, and 
is supposed bv soiiio to be a varietv of the preceding. C. Bergatnia is the 
Mellarosa or llerganiot Orange, wliicli is also regarded as a variety of C\ 
Limetta.^ the cultivated Sweet Inme ; C. acidu is the East-Indian" Lime ; 
C\ Limomtm is the ordinary Lemon ; C. Lumia is the Sweet Ijcmon, cul- 
tivated in the South of Europe ; C. medica is the Citron ; C. decumana is 
the Shaddock ; C. Paradisi the Forbidden-fruit ; C. Pompelmos the Pom- 
pehnoose; and C. Japoniea the Kumquat. All these fruits have an 
abundant pulp, which varies chiefly in the degree of acidity and the 
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peculiar aroma ; that of C, Bigarailia is also bitter. The rind of dl is 
I'raf^rant, from the presence of imbedded glands containing essential oil of 
aromatic and bitter character ; the flowers partake of the aromatic quality. 
The oil of Neroli is obtained from the flower of C. Biguradia ; but the oil 
of the rind is also used for making Orange-flower water. Oil of Berga- 
mot is from the flower and rind of the fruit of C. Bergmtwt • huile de 
drut from C. inodu a; the essential oil of the Lemon-rind is also largely 
used. Tlie rinds ai*e also valued for their bitter and aromatic properties 
when dried or preserved with sugar. 'I'he dry rinds of Orange, Lemon, 
&c. are used as stoniachics in medicine, in infusions and tinctures ; and 
are also employed in the preparation of liqueurs and cordials, such as 
Cura^,‘oa &c. : the fruit, rind, and pnlj), when preserved w^ith sugar, form 

marmalade,” the best beijig made fi'oni tiie Hevillc! Orange. TJie acidity 
of the Lime and Lemon depends chiefly on the presence of citric acid, and 
rendej's them very valuable as an liscor hut ic agents, ylujh Murmidosy the 
Bael-fruit, sometimes used in eases of d3\Menterv, has a delicious fruit, 
which, however, is laxative; tlie rind is used as a vermifuge. Cuoliia 
pmiciata .yields the AA’ampee, higlily valued in diiiia and the haist-In- 
dian Arclupidago ; and tin* fruits ot otluu* plants of the Oi’der are eaten. 
The wood of all tlie tr(U‘s is hard and compact; the folingi^ shares the 
fragrant character of tln^ fruits, containing abiindaiico rif glands filled 
witii aromatic, bitter (essential oils. The Orange, Lemon, and their 
\ar]t‘ties are larg(^l\^ enllivatial in tJie South of J'airope in the open air; 
and in onr consi^rvatoi'ics tlnw are ever^ wliere prized, on acc'ount of their 
striking appearance when in fruit and the delieiuns piuduine of the flowers. 
Orange- and Leim)n-tr(*es are wonderfully prolific of fruit ; and the plants 
rtdain their vitality with great olistiiiacy wlien taken from the ground and 
transported to a distance, and w'hen tliey are multiplied by cuttings. 

LlNAC^EAi!. TirK Fi.ax Oudek. 

Series Disciflorju ; Coh. Geraniales, Benth. et Hook. 

Diagmms. — ^^Ilerbs, or sometimes shrubs, without sfi])ules; with re- 
gular syninietrical luTiuanlirodite flowers, -l-O-im'rcuis througliout ; calyx 
imbricaU'd ; petals convolute in a*.stivatioii ; staim us usually 5, coherent 
at the base, oftma with intervening sterile si aniens; ovary compound, of 
about us many caipyi-^ as there are sepals ; les dislin(*t ;* capsule raanv- 
celled, each cell divided more or le.ss perfectly into two by a false septum 
from the dorsal suture, each compartment with onesei’d, having a straight 
oily embryo and with, or rarely without, perisperm.—lllustrative Genera : 
Lihum^ L. ; Badiofa, Billen. 

Affinities, &c. — Most nearly related to Oxnlidaeem, but likewise con- 
nected with Gary opliyllaceie,* Malvaceae, and Geraniacem by the general 
structure of the flowers, the coherent stainen.s, &c.. ; but the simple entire 
leav(‘S and the peculiar slrueiure of the capsules are very distinctive marks. 
Lrom JVlalpighiacem they differ in their glandless calyx. 

Difitoibution,— .A small Order, genei-ally difliised, but most abimdantlv 
so in Lurope and North Africa. 

Qualities and U«os. — Lhmm catharticunij a native weed, has active 
purgative properties j but the most important plant of the Order is L, 
the liber-fibres of which constitute Flax, while the seeds, 



THALAMirLORiE. 


237 


known as Linseed, yield a naost valuable drying-oil, and their cake forms 
an t-xcelleut material for fattening cattle. I'he flowers of many species of 
Limim are very showy (blue, yellow, pinlt, itc.), but are mostly fugacious. 
The flowers of some are dimorphic. 


OXALlDACbLE. Wood-Sorrels. 

Si'nes Discitlorje j Tribe of Gcjraniaceie, Benth, et Hook. 

Diat/nom. — Herbs, or rarely shrubs or trees, wuth an acid juice; 
mostly compound alternate leaves; regular, synime^trioal, licTiuaplirodite, 
»%meroiis flow(irs; calyx imbricated, and petals convolute in mslivation ; 
stamens 10, somewhat moiiadelphoiis ; styles 5, separate; ca})sule 5- 
celled, several-so(‘d(‘d ; seeds jK^rispermic ; embryo straight or curved, 
Kadicle superior. — Illustrative Genera: O.talis, L. ; Arerr/ioa, L. 

Affinities, &c. — Noarly related to Geraniacem, with which Bentham and 
Hooker unite them. J^’rom J^inaceic they may generally b(^ distingiiishcd 
by their compound leaves; but the septa in the capsules of that Order 
allbrd the most constant distinction. The s(.‘eds of (Xvalis have* an elastic 
desliy coa,t, which opens witli elasticity and expids the seed when ripe. 
Some regard this as an aril, otlna’.s as a d(*velo])ment of tiie testa. 'I he 
leaves of many kinds are semsitive, es])eciailv OjcuJU seusitiva mid Acer- 
rhoa Bili))ihi\ but otliers po.sstsss tin* ([uality ui lower degree. O. buplvu- 
rifolia and some other species have phyl lodes. 

Distribution. - A ratlnu’ large Order, tlie numibers of which are gene- 
rally diffused in tejuperate and hot climates; must abundant in America 
and at the Cape of Good Hope. The shrubby kinds belong to hot clirnat(^s. 

Qualities and Uses. — Tht5 most niark(*d ]>rop(Tty of OocitUs is the acid 
juice, depejuling on the priisence of (cxalic acid. (). ArHoselia, Wood- 
sorrel, ahoniids in our woods. Arerr/ioa Bilunhiy the Hlimbing, A. Ca-- 
ratnhola, the Caranibule of the East Indies, liave acid fruits, whicJi are 
ealtm by the natives, but used chielly as pickles by hhirop(‘aiis. Some 
species of Ojculis have tubers furnishing wholesome food, O, ervnata 
(Arracacha) is used like potatoes in (k)lumbia ; O. Dvpjwi has roots as 
large as small parsneps. Tlie tubers (»f (). aidhclinintioa^ the Mitcha- 
mitcho of Abyssinia, are said to be valiiabk; as an anthelmintic. Many 
kinds are cultivated on account of the beauty of their flowers. 

G ERANIA CE.E. Cr ane’s-rills. 

Series Discilloric ; Voh, Geraniales, Be7ith. et. Hook. 

Diagnosis. — Herbs or shrubs, with articulated swollen stem-joints; op- 
po.site or alternate leaves, and membranous stipules ; regular or irregular, 
symmetrical, hermaphrodite, 5-merou3 Howers; sepals imbricated and 
petals contorted in icstivation ; stamens mostly 10, coherent at the base, 
the alternate ones shorter and 8t>metimes barren ; carpels o, adherent to 
a central prolonged axis (carpophore^, from which they separate when 
ripe by the elastic curling-back of the segments of the style, carrying away 
the 1 -seeded dehiscent cocci (fig. ilOl). — Illustrative Genera 
Heril. ; Geranium^ HtSrit. ; MonsmiUj L. ; Pelaryonmnij Herit. 
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Affinities, Ae. — Many points of affinity exist with Oxalidaceee, Linaoeas, 
and Balsam inaceai, likewise with Tropieolaceas, and, less 
important ones, with Zygophyllacese. The arrangement Fig. 801. 
of the carpels round a column, the palmate leaves of 
some kinds, the monadelphous stamens, and the convo- 
luted embiyo cause a good deal of resemblance to some 
of the MalVaceae. The peculiar fruit, the stipules, the 
swollen joints of the stem, and the convoluted embryo 
separate this Order from the nearest allies. From Malva- 
ceae it may be distinguished at once by the imbricated 
aestivation of the calyx. Pidarfftmimn is remarkable for 
a spur or pouch extending from the base of the calyx and 
adherent to the peduncle. Most of the plants have 
aromatic oil contained in glandular hairs, giving a musky 
or other strong odour. 

DiatrfbntioB*— The species are numerous. Geranium 
and Brodium belong chiefly to the temperate parts of Fruit of Gerankm, 
the Northern Hemisphere. Pelargmium abounds at the carpo- 

Cape of Good llope, and occurs in Australia. One ^ 
species is found in Asia Minor. 

Qtuilitles and ITses^ — Astringent and aromatic properties are general. 
The common weed G. JRobertianum had a reputation formerly, and the 
G. mamUitunij or Alum -root of North America, is a powerful astringent, 
containing a large amount of tannin. The species of Brodium which 
emit a musky odour are said to have similar properties. Some have 
tuberous roots ,* that of Pelartjonimn triste is eaten at the Cape of Good 
Hope. The .species of Pelargonimn are remarkable for the beauty of their 
flowers, which are more or less irngular and spurred, and have great sus- 
ceptibility of improvement by culture, and a tendency to run into varieties, 
rendering them established “florist’s floAvers.” Many of them have Zfones 
or b(dts of colour in the leaves. Tin* species of Geranium proper have 
regular flowers without spurs j others are very fragi-aiit. 



BALSAMINACE.E. Balsams. 

S(WB Bisciflorae ; Tidbe of Geraniacea?,, Benth. et Hook. 

Diagnosis . — Annual plants with succulent stems, full of bland watery 
sap ; flowers hermaphrodite, very irregular; stamens 5, somewhat united ; 
the friiit mostly bursting elastically when ripe. Embryo straight, apeii- 
spermic,. lladicle superior. — Illustrative Genera : ImpafAemy L. ; Hydro- 
cera, Blum. 

Aflanities, Ae. — Th is Order is nearly related to Gcraniaceae , and is included 
in that family by Bentham and Hooker, but may be distinguished by^ the 
want of the peculiar carpophore of that Family, and by the much greater 
irregularity of tlie flowery the irregular flower also separates it from 
Oxalidjuiete and other allied Orders. This irregular flower does not really 
depart widely from a symmetrical condition : it is completely 6-merous, 
except in the suppression in Dnpatmis of the petal opposite the bract 
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(which is developed in Hi/drocera) ; the two small lateral sepals, the spur, 
and the double se^memt on the opposite side to the spur form an imbri- 
cated calyx of five parts ; the odd petal opposite tlio two confluent sepals 
is suppressed, and the others are generally combined into two 2-lobed 
bodies, but are sometimes free ; in single flowers the stamens alternate with 
these ; in double cultivated flowers a second corolline circle of five petals 
sometimes appears in the place of the stamens, and the stamens alternjite 
again with these. The structure of the ovary and its mode of dehiscence 
ai’e also deserving of notice. The name of the genus hnpatiens is derived 
from the elasticity with which the capsule bursts when touched after the 
seeds are ripe. The species are rather numerous. A few are scattered 
over the globe ; but the majority are East-Iudian. Their properties are 
unimportant. 7. Balsamina is a valued tender annual plant; I. NuU-me- 
tmigere grows in the north of England ; and I. falva (North America) is 
naturalized in some places in Southern England. 

ViviANACE.® are a small Order of South-American herbs or half- 
shrubby plants, related to Geraniacese, but having a valvate calyx and 
perispermic seeds. Properties unknown. 

TEOPiEOLACEJE. Gaeden-Nastuiitittms. 

Series Discifloras ; Tribe Pelargonieae of Geraniacem, Benth, et Hooh, 

Diagnom . — Smooth trailing or climbing herbs with a pungent juice ; 
leaves alternate, exstipulate ; flowers axillary, irregular, perfect ; sepals 
3-6, the upper or posterior one spurred ; petals 1-6 ; stamens 0-10, peri- 
gynous, distinct ; ovary superior, of 3 or 6 carpels ; style single ; stigmas 
3^ ; ovules pendulous, 1 in each caipel ; fruit dry ; carpels separating 
as iiidehiscent achenes from a central axis ; seeds large, aperispermic. — 
Illustrative Genera : Trop(ediim, L. ; ChymucarpiiSy Don. 

Affinities, Ac. — A small Order of plants, natives of the temperate parts 
of South America, related to Limuautliaceie, Malvacejc, and Geraniucem, 
and included in the latter family by Bentham and Hooker. The genus 
Tropmolmi contains tlie garden Nasturtiums, or Indian Cresses, notable 
for their pungent juice, somewhat like that of Oruciforoo. Various species 
have a tuberous root ; tliat of T. Uiheromm is eaten in Peru. The spur 
of the calyx of Tropaiolum is curious, rescmibling that of IHargonivm^ 
but is free from the peduncle. In some cases it would seem to be a 
tubular process from the receptacle. The dow ers are mostly showy and 
of great variety of colour. The Canary Crec?pei‘, T, peregrimm or adan'- 
cmn^ may be noticed for the power of the full-grown plant to obtain its 
nourishment apparently almost entirely from the atmosphere, and for its 
climbing by twining its petioles, like Clematis. 

Limnanthaceje, a small Order of North- American plants, are chiefly 
distinguished from Trop^olaci^te, with which they are associated in the 
family Geraniace<B by Bentimm and Hooker, by their regular flowers, 
erect ovules, and the adherence of the stamens to the calyx. Their 
^operties are analogous. Lwimnthes (California) has showy flowers. 

' » • ; (United States) is a mere weed. 
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ZYGOTBYLLACBM. Bean-Capebs. 

Series Disciflorse ; CoA Geraniales, Hook, d Beifdh 

Diagnosis, — IJerbs, shrubs, or trees with opposite stipulate, mostly 
impari pinnate, not dotted leaves ; calyx and corolla 4-5-inoroiis, imbri- 
cated in /estivation ; stamens twice as many, hypo^*’yn()us, each often at 
the back of a scale ; ovary siirroiind/jd by jflands or a toothed disk, more 
or less deeply 4-5-lo])ed, i-o-^olled ; fruit capsular ; doliiscence valvular 
or into cocci ; few-seeded ; peris]>eni) sparin<:r ov none. — Illustrative Genera: 
TrihuJns, Tournef. ; Pcgamnn^ L. ; Fagooui, Toiirncf. ; Zygophylluniy L. ; 
LarreUy Cav. ; Guaiacum, PIuiii. ; MeiinutliaSj L. (P). 

Affinities, &c. — Tiiis order is very closely allied to Unt/iccEO (but differs in 
habit, tht‘- scaly staimms, and dotb'.ss leaves) thron^di Peganum, which is 
pbictid lu*re chicdly on account of its stipiiliite, not do tt(!d, opposite leaves. 
With Hiniarubace/e it agaves in th(‘ attachment of the stamens Jit the Imck 
of a scale, l)ut diifers in the short styles. Ale/irwi/ins is an anomalous genus, 
which by some authors is taken jis the type of a distinct Order supposed 
to have its iiesresi rehitio/is in ( i(‘r/miafea‘ and S/ipindace/e. Zygo])hylle/e 
are closel^ related to .Miilpighiacc/e, but dillcr in their glandless calyces, 
scaly stumeiivS, 

Blstribution. — The speci(?s are not very numorons, and are chiefly found 
ill the warm temper/ite rc'gions of tln^ globi^ Zygoyhglhim and Trihuhis 
arc especially chariuderistie- of dry regions of Bgypt, Arabia, and Scinde, 

Qualities and Uses. — 'Phe so-calhnl gnm-r(‘sin. (riuiiacMini, is derived from 
Oiiithwum ojfiviiiale, tin* bark and wood of wliich are also employed as 
diaphoretic and sudoriHi‘ agents; G. samfum leis similar properties. I’he 
leaves of the>e and of PorUvra are used in phK*e of soap for scouring 
in the West Indies. Tlu‘ renuivkably h/ird wood t*alled Tjignum Vit/e is 
derived from Guaiucmn oJficuiaJe or mmo oilier speci('S ; all the. arborescent 
pljints of this Order Iijinc extreimdy hard wood. The llowers of Zggo- 
phjfllnm Fahago art* used in the Kast for pickh‘s, under the name of Bean- 
captTS. T1 k‘ seed.s of Pegmnm llannnla are used as spice in Turkey, and 
also in theprotluction of the tndehrated Turkev-red dye. for cotton. Larrea 
mejrlcana is known by the name of the Ch*easote~pliint. Zggophglhun 
smiptex has a very bad odour. 


laiTACE^E. The Bue Order. 

Series Discitlor/c ; Colt. Geraniales, lietith, et Hook. 

Diagnosis. — Herbs, shrubs, or tree.s with simple or compound exstipn- 
late leaves, dotted with transparent glands containing aromatic or acrid 
oil ; llowers regular, Jl-5-iuerous ; the strouens ec^ual to or twice as many 
as the sepals ; the pistils separate or combined into acouipoimd ovary 
with as immy cells, se8>ilc or raised on a prolongation of the recep- 
tacle (gynophore) or glandular disk; style simple, or divided below; 
fruit with the carpels either coherent or separating and bursting by one 
or both sutures ; setnls in pairs or solitary ; perispevm present or absent, 
radicle superior. — Illustrative Genera : GaUpeOj Aiibl. ; Ticorea, Aubl. ; 
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Boroniaj Smith ; Eriosteirntn^ Smith ; Correa^ Smith j Diosma^ L. ; 
rosrna^ Willd. 5 DictanmuSy L. ; Kiitay Tournef, 

Affinities, &c. — This large Order is sometimes divided into two,KutacefB 
and Oiosmeie, the latter including the greater part of the genera j but the 
distinctions seem insuificient — the Bormvie<s, which have the separable 
endocarp supposed to be characteristic of IHosmetx;, having perispermic 
seeds like liutece. Jlentham and Hooker make the older a very compre- 
hensive one by including the follow'ing as tribes : — 1 . Cuspariete, 2 . lUitefe, 
S. Diosmeje, 4. lloroniete, 5. Xanthoxylea;, 0. Toddaliem, 7. Aurantieje 
( see coitcy p. 235). Most of these ai‘e separately treated in the present work, 
as being more readily understood by beginners. The Order is connected 
with Zygopliyllace.'e by Betjanxmi ; it is related also to Xantlioxylacejo, 
which are perhaps merely polygamous Rutaceui. There is also an affinity 
with Aurantiaceie (which differ, however, in the fruit), and with Ana- 
cardiace;e. VorreUy with its moiiopefalous coroll Ji, seems to approach 
Kricacefe, to which the Boroniere have mucli resemblance in habit. From 
SiinarubacesB and Terebintliaceie Rutala differ in their glandular leaves 
and in the nature of the fruit. 

Distribution. — Rata and its allies are found chiefly in Europe and 
North Asia j Diosniay Barosrnay kc. at the C^ape of (food flope ; Boroniay 
Enofitoiaotiy &c. in Australia j and GuUpeay BMaiheckkty and their related 
genera in Equinoctial xVmerica. 

Qiialities ond Uses. — ( Jeiierally remarkabh* for a strong aromatic or foetid 
odour, and possessing antispasmodic and tunic prop(*rties. Angostura 
bark is dt*rived from Oalipea (tfficinalwy and a])part‘ntly from fr. Cmpana 
(BonplancUa tnfolutta )'y Mclumbo bark probably from some allied plant. 
The bark o\' J^scahvcki a fchrifwja is used in phice of (hiichoiia in Brazil; 
and that of Ticorea febnf a pa is another of the “ (^uinas ” of Brazil. The 
Bucku plants of South Africa are specie's of Banmnay Diostnuy and their 
allies ; their foliage, wliich is extremely glandular, lias a very, strong 
odour ; and jD. creaata^ serratifoliay and others are used as antispasmodic 
and diuretic agents. The leaves and iitjripti fruits of Rue {Rata pravea^ 
lens) are antispasmodic, and arc also said to be cmiufmagogue and anthel- 
mintic ; R. montann is acrid ; and its juice is descril)ed as vesicating the 
skin, and even producing erysipelas and ulceration. The leavcjsof Correa 
alha and other species are uscid by the .settlers in Australia for Tea. Many of 
the Rutacem are favourite greenhouse plants, such as Boronkiy Briostemm-y 
tfec. Jbictammis Eraxiaellay a South-European plant, common in our gar- 
dens, is very glandular, and it is said that the volatile oil renders the atmo- 
sphere about the plant inflammable in very hot weather. This account 
requires confirmation. Tliese glandular plants are of course very inflam- 
mable in themselves. The root of Toddalia amleata is used in India as 
an aromatic. 

XANTHOXYLACE^ are trees or shrubs with alternate or opposite, 
exstipulate, simple or compound, dotted leaves, and flowers resembling 
those of RutaceiB in almost every respect, except that they are constantly 
polygamous, and sometimes have succulent fruit ; seeds perispermic,- - 
Illustrative Genera : Xanthoxylony Kunth ; IKehaiy L. 

AAnltieft, &o. — The XanthoxylacesD are united by some authors with the 
Hutacese ; their more remote relations are with Aurantiaceie and Ana- 

B 
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wMeli, lio'vrever, not only differ in their fruits, but their seeds 
have no perkperm. There is a considerable affinity to the Euphorbiacese 
and to Pt'emnm among the Oleaceae, Pteka having even a samaroid fruit. 

Bi^ribfutlon. — The species are not very numerous, and are generally 
distributed, but are most abundant in America. 

.Qaallties and Uses. — Pungent and aromatic. Xnnthoxylm, a genus re- 
presented in North and South America, as well as in India, China, &c., 
eminently possesses these characters, its species being commonly called 
Peppers in their native countries. X. VUiva and fraxineum (North Ame- 
rica) are powerM diaphoretics and sudorifics ; A", niiidnm (China) has 
a similar reputation ; A' hyvmale (Brazil), A' piperitmn (Chinal, &c. ai'e 
analogous. The unripe capsnios of X. Mhetm nre aromatic, resemblinfr 
orauge-peei. The fruit of i*f rim has a strong aromatic hitter taste, and 
has been used as a substitute for hops. 

SIMARUJiAChhhj are trees or slmihs with nlteruate exstipnlate leaves, 
without dots, usually compound; flowers diclinous or polygamous ; calyx 
and corolla 4-5-merous ; stamens 8-JO, (uuerging from an ljypogynoii.s disJc, 
filaments iisuallv with a scale at the }>aek ; aiitlu'rs bursting longitudi- 
nally ; ovary stipitate, 4~b-l<»bod; fruit of 4-^') indeliisceiit drupes round 
a common receptacle, or capsular or samaroid, with 1 pendulous ajK.ni- 
sjierniic seed in (^ach cornpartmcmt. — Illustrative (lenei*a : Quassia, L. ; 
JSimaruha, Aubl. ; Ailauflms, J>(‘sf. 

Affinities, &o. — Belonging to the Biitaceons group, tlu^ae plants are most 
closely allied to the Zygoptiyllacoai by the stamens and dotless leaves, to 
the Ochnaceae by the aeeply lobed ovary, — differing from the former in 
the structure of the fruit and the numlxT of seeds in a cell, from the 
latter by the absence of a large disk and the deliisctence of the stamens. 

Distribution. — A small (Jrder, the ineinbtTs of which inhabit South 
America, Africa, the East Indies, and the Malay archipelago. Cneonim 
occurs in the Mediterranean district. 

Qualities and XTses. — 'flie most striiiing properly is great bitterness, 
whence they are used as tonics. Quassia or Bitter wood, used as a tonic, 
as a fly-poison, and as a substitute for hops in het‘r, is derived from this 
family. Quassia nrnara (Surinam) is stated to be the true plant ; hut 
Picrasma or Picraota avcdsa yields tJio wood usually imported. The 
bark of the root of Simaruha auiara is used in the same manner. Prtwea 
antidyschtenca has similar qualities, and was formerly mistakenly supposed 
to he the source of false Angostura hark. Simaha Ccdron has a reputation 
for curing snake-bites ; but iwent experiments throw doubt on this. Ai- 
lanthrn ylandulosa, the tree of heaven,” is commonly grown for ornament 
in this country ; its leaves afford nutriment to a species of silkworm. 

OcHNACEiL? are scarcely sepai'able from Simambaceae ; hut the ovary is 
composed of carpels seated on a large fleshy disk instead of upon a stipe, the 
elongated anthers often open by pores, and the simple leaves are without 
stipules. The thick gymophore of tliis Order affords a close connexion 
between Rutacece and Geraniacese. The properties axe similar to those 
of Simarubaceae. 

CoBiARiKAU is the name applied to a small group of plants belonging 
to one genus, Coriaria, of obscure affinities, phiced in this neighbourhood 
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by Lindley, but diiFeriug from most of the Rutales in tbeir pendulous 
ovules with dorsal raphe. In some respects they approach PhytohcceB 
and TroptBokce. — These plants have dangerous properties. Of C. myrtifolia 
the leaves, which are sometimes used to adulterate Senna, are said to pro- 
duce tetanus ; the berries are poisonous. The finite of other species are 
said to bo edible, but the seeds poisonous. C. myrtifoUa and msctfoHa 
are used in dyeing, infusion of the leaves giving a dark’ blue with sulphate 
of iron. 

PITtosPORACE^ are trees or shrubs, often climbing plants, with 
alternate exstipulate leaves ; flowers regular ; calyx and corolla 4--5-merous, 
imbricated, deciduous ; stamens 5, hypogynous, alternate with the petals, 
opening longitudinally or by apical pores ; ovary free, 2-celled and some- 
times with 2-3 imperfect cells ; style single, stigmas equal to the pla- 
centas; ovules horizontal or ascending, anatropous; seeds numerous ; 
embryo minute, in fleshy perisperm. — Illustrative Genera : Pittosporum, 
Soland. ; Lindl. ; Ih'llartikra, Smith. 

Affinities, &c. — A small Order, placed by DeCandolle between Polyga- 
lacem and Erank<miacem, by A. Kichard near Itiitacem, by Endlicher in 
the, neighbourhood of Rhauinncene. Jjiudhw regards them as near Vitacem. 
From Tremandraceie and Olacacem they tlilfer in their imbricate sepals 
and petals and their numerous ovules. In other points thej* resemble 
Cclastrineje, but they have no disk and no aril. Decaisne points out an 
affinity with some, liricads, as Ledum. The jdaiits are chiefly from Aus- 
tralia ; the berries of liillardkra are eaten, having a pleasant acid flavour ; 
but a resinous quality pervades the whole Ord(‘r. Some of the species 
are cultivated on account of their flowers and coloured berries, ns Mlya, 
Lillardtera, &:c. 


VITACEJi:. Vines. 

Series Disciflorre ; Coh. Oelastrales, Bcntli. et Hook. 

Dia<7wom -— Shrubs with a watery juice, usually climbing by tendrils, 
placed opposite the leaves, with small regular flowers, a minute truncated 
calyx with the limb mostly obsolete ; stamens as many as the valvate 
petals, and superposed to them, springing from a disk surrounding the 
ovary. Fruit succulent ; seeds bony ; perisperm hard. — Illustrative Genera : 
ViiiSy L. ; IHeriscmthes^ Plum. 

Affinities, &c. — The relations of this Order, sometimes called Ampelidese, 
are somewhat complex ; a portion of the plants are related to Meliaceee, 
Celastrineso, and Rhamnacem ; but the nearest connexion would appear 
to be to the epigjmous Order Araliocese, especially through the Ivy, 
Hedera. The characters of the group, however, are very distinct, in the 
hypogynous stamens superposed to the petals, and the climbing habit. 
The superposition of the stamens to the petals is due to the abortion of 
five antisepalous stamens, which are sometimes represented by five glands 
of the disk. The tendrils by which the stems climb are flower-branches, 
often exhibiting a few nodules representing abortive flowers. They are 
extraaxillary, and are considered by some to be terminal buds deflexed, 
by others as formed by a partition of the growing point, one division 
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forming the tendril; the other the shoot. In Ampehpm Dutailly thinks 
the tendril is an axillary bud which remains attached to the stem; elon- 
gates with it; and ultimately separates from it some distance above the 
axil in which it originates. In some cultivated Vines the seeds are con- 
stantly suppressed; while the fruit is perfected, as in the varieties yielding 
the Sultana raisins and the Zante grape or Currant.^- PterkantheBy9, 
Javan plant, has a very extraordinary structure : its numerous barren and 
fertile dowers are developed on a very large foliaceous peduncle having 
the form of a number of divergent plates set edgewise at the end of a long 
slender stalk ^ the fertile flowers and berries are sessile on both surfaces 
of the laminsB, the edges hein^ fringed with stalked barren flowers. The 
separation of the petals at their bases, remaining coherent above so as to 
form little 6-ray ea stars, is worthy of notice in this Order. The species 
of Ampelopmy Kiio^vii as “Virginia Creepers,” exhibit some interesting 
phenomena, viz. tlie assumption of a crimson colour by the foliage in 
autumn, and the adaptation of their tendrils to form organs of attachment 
to walls : the points of the tendrils are negatively heliotrophic, and in- 
sinuate themselves into little holes and cracks, especially in brickwork, 
and then expand inside the cavities so as to lix themselves as the stone 
masons fix their “ lewis,^’ or key, into large blocks of stone. 

Disttibution. — The geinis Vitky including Ampehpm and CismSy con- 
tains a large number of species, natives for the most part of tropical and 
subtropical regions. The remaining genera luive only a very few repre- 
sentatives. The Vino {Vitis vinifera) is supposed to be a native of the 
shores of the Caspian j but it has rim wild in South Europe, and is culti- 
vated all over the world where the temperature is not too low or too 
high : in the last case it runs away to l(‘af and does not produce fruit. 
The stems and roots of some of the Vkai in the East Indies are infested 
by the parasitical Kafilesiacem and Balanophoracese. In a fossil state 
they have been found in Miocene as well as in more recent deposits. 

Qualities and Uses.— The proportios of the Vine { Vitk vinifera) y with 
its innumerable varieties, are imiversa-'y knowm ; the Eox-grapes {Vitk 
imlpina and Lahrusca) of North America ha\ e similar properties when 
cnltivatod, but are inferior. Tlie berries of the Cmi are acrid ; some yiidd 
a colouring'- in after. The sap of the stems and leaves generally of the Order 
is sour, containing tartaric acid. 


Series 2. Calyciploe.i:. 

Elowers usually with a calyx and corolla ; the petals distinct, 
springing from the catyx or from a perigynous disk ; the stamens 
perigyiious or epigyiious. 

Exceptions, — The character of this Subclass, founded on the insertion 
of the petals and stamens upon the calyx, is veiy artificial, and is liable to 
exception in certain genera of Orders referable here. On the other hand, it 
is met with exceptionally in Thalam'floral Orders ; and many cases occur 
where the conditions are difficult to ascertain. Moreover it causes the se- 
paration of very natural groups of Orders, such as the removal of Anacar- 
diacete, which has both hypogynous and perigjmous genera, from the Sub- 
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class which includes the Rutacese, in accordance with the structure of the 
majority. Bentham and Hooker, apparently with a view to remove some 
of these anomalies, have proposed a subclass or aeries which they ciJl 
Disciflorse, the most important character of which consists in the presence 
of a large disk or expansion of the receptacle attached to the calyx or to 
the ovary, and from which the petals and stamens spring ; it thxis includes 
some Thalamifloral and some Calycifloral Orders (including the Orders 
comprised in the cohorts Geraniales, Olaoales, Celastrales, and Sapindales). 
The separation of the Perigynous from the Epigynous Orders is render^ 
impracticable by the occurrence of the two conditions in one Order, as in 
Bosaceae. United petals occur in some exceptional cases, as in Cucurbi- 
taoese. 


CELASTEACE^. The Spitole-tbee Oeheb. 

Serm Disciflorae ^ Coh. Celastrales, Bvnth. et Hook, 

Diagnom . — Shrubs with simple, mostly alternate leaves, and with small 
deciduous stipules ; small regular flowers, the 4-5 sepals and petals im- 
bricated in asstivation ; stamens as many as the petals and alternate with 
them, inserted on a disk filling up the bottom of the calyx ; seeds mostly 
arillate, perispermic. — Illustrative Genera : EuonymuSj Toumef. j CelastruSy 
Kunth ; Catha^ Forsk. ; EUeodendroviy Jacq. 

Affinities, &C. — Belated to Bhamnacem, differing in the imbricated calyx 
and the stamens alternating with the petals. Aquifoliaceae, a sympe- 
talous Order, is very nearly allied ; but the Cela8tracea3 appear to have 
closer relations witfi some Thalamifloral Orders, such as Malpighiacefe 
through Hippocrateacem. I'he fleshy coat of the seed ()f Emnymm is 
described by Planchon as an arillude or false arillus, arising from the 
margin of the niicropyle. 

I>l8tribntlcm. — A large Order, the species of which are generally diffused, 
hut more abundant outside the tropics. 

QnalitleB and Uses. — More or less acrid, with oily seeds. Euonymm 
europmiSy the common Spindle-tree of our hedges, is used for gunpowder- 
charcoal. The inner bark of E. tmge?is is used in dveing ; the seeds of 
E. europcRm are said to be purgative and emetic. The bark of Celastrus 
acandens has the same properties. Catha edtdis has stimulant properties, 
and the leaves are largely used by the Arabs under the name of Eat. The 
drupaceous fruits of Ela^odmdron Euhu are eaten at the Cape of Good 
Hope. 

Stackhousiaceje constitute a small Order of Australian plants inter- 
mediate between Celastracese and Euphorbiacem ; their corolla is sym- 
petalous. 

Hippocbateacea3, which have hypogynous petals and more or less 
epigynous stamens, are most nearly related to Celastraceee (with which, 
indeed, thev are combined by lientham and Hooker), connecting them 
with Malpighiacese, Aceracese, and through Staphylea with Sapindace®, 
&c. They are chiefly South- American trees or climbing shrubs, some 
with edible fruit. 
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CHAiLLETTACEiB ifl another small Order, usually placed in this neip:h- 
hourhood, but with obscure affinities. ChaiUetia toxicana has a poisonous 
fruit, called liat’s-bane at Sierra Leone. 

EIIAMNACEiE. The Buckthorn Order. 

Sei'ies Disciflorm ; Coh. Celastrales, Benth. et Hook, 

Diagnom, — Shrubs or small trees with simple, alternate, stipulate, or 
exstipulate leaves; small and re«:iilar flowers (somelimes apetalons) ; the 
4-/3 perigynous stanums as many as tl»e valvatc sepnls, and alteimate with 
them (superposed to the petals wIh'U these are present) ; disk fleshy ; ovary 
free or infenor ; berry or pod with one seed in eacdi cell, perispermic, 
without an aril. — fllnstrative (lenera : Ventil(tgo\ Paliurus^ Tournef. ; 

J uss. ; //occve/n, Thimb. ; Colletia; Gouania. 

Affinities, &c. — The IlhamnacefB are clearly distinpfuishedfrom the Celas- 
traceie by the position of the stamens l>efore the petals. The calycifioral 
condition of their stamens, the fleshy disk, and tln^ separate petals indicate 
great difference from the corolli floral Order AquifoliacenB, also formerly 
associated Avith them. Brungniart thinks their nearest relations are to 
the hypogynous Byttneriace«& and to Eiiphorbiaceie. Some of the genera 
have free, others adherent ovaries. 

Diatrlbution.— -A rather large Order, the species of which are generally 
diflused. 

Qualities and Uses. — Some acrid and purgative, some with bitter tonic 
properties, others with edible fruits, lihumnm includes li. catharticus^ 
the Buckthorn, from the berries of which a purgative syrup is made, also 
the colour termed Sap-green. The dyeing mahn’ial called French berries 
consists of the unripe berries of It. in ft cfonm, saxatilis, and amygdalimis, 
Zkyphm has edible fruit, called Jujubes (Z, vulf/drisy Z. Jdjuha^ v’tc.). 
The charcoal made from the Avood of It, Frungnla is used for gunpowder- 
making under the name Dog- wood. Z. Loim is supposed by some to be 
the Lotus of the ancients, although others think this was Kitraria. The 
peduncles of ILmmia (Mulcts enlarge into a succulent fruit, eaten in China ; 
other genera also furnish edible berries. The leaves of Vmnothm ameri- 
canua are consumed as New-Jersey Tea, and those of Sagerctia theezam 
are used for Tea by the poorer Chinese. 

ANACAKDIACILE or TEREBINTHAChh®. 

The Sumach Order. 

Series Disciflorro ; Coh. Sapiiidales, Benth. et Hook. 

Diagnosis. — Trees or shrubs with a resinous or milky acrid juice; dot- 
less alternate leaves, and small, often poh’gamous, regular flow^ers ; calyx 
small, usually with 6, sometimes 3-4 or V lobes, persistent; petals equal 
in number to the lobes of the calyx, or wanting ; stamens tlie same num- 
ber or double or more, inserted on an annular flesliy disk, or coherent and 
perigynous. Ovary single, or rarely of 5 or 6 carpels, superior (rarely 
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inferior), 1-celled ; style 1, or 8 or 4, sometimes none ; stigfnias twice as 
many,’ ovules solitary, on a long funiculus. JFruit indehiscent, comnionlj 
drupaceous; seed witfeout perisperm. — ^Illustrative Genera; Tribe 1. Ana- 
CARDiEJE. Ovary 1-celled. lihm^ L. ; Melamrrhva^ Wall. ; L.j 

SemecariMSj L. Tribe 2. Spondik^. Ovary 2-o-celled. Spondias^ L. 

AfRnitles, Ao. — The prominent differential characters of this order reside 
in the solitary ovule, with ventral raphe and inferior niicropyle, or dorsal 
raphe if tJie niici'opyle be superior. This Order is related to the Xantlio- 
xylacete in many respects, but differs in the striicturo of the ovary and 
seed. From the Ihirsoracefe also it is divided by the sniiie characters, 
although iSpondifis connects them as regards the fruit ; while the same 
pt^culiarities relate it on the other hand to certain Coimaracete, Kosacem, 
and Leguminosse. 

Distribution. — A large Order, the species of wliich are chiefly tropical, 
dimhiisliiiig rapidly beyond the tropics. 

Qualities and Uses. — The resinous juice of tliese plants is acrid, or 
violently irritating and poisonous; it often becomes black in drying. 
Some kinds, lio\vev(jr, yield edible, and even valuable fruits. Anacardtum 
i)('cid(‘ntale, the Oashew-nut, is remarkable for the (mriinis flesliy enlarge- 
ment of the peduncle supportiug the nut ; this peduncle is edible, as is 
also the seed when roasted ; but the perictarp contains acrid volatile oil. 
A guni-resiaous juice exudes from the wood, called Gomme d’ Acajou, 
whi(ih is used when fr(‘sh as a varnish. SnnvcnrpuA Anacardium^ the 
Marking-nut, Melamrrhm mifatmuna^ Staff maria ceniUdfima^ lihm vcmix^ 
itc. are among the plants furuishiug varnishes used in the East Indies, 
China, and Japan for lacquerml ware; their juices are wliite at lirst, and 
become black after exposure to the air. Mastic is obtained from Pistav.ia 
atlantiea and Lentiscus^ Scio turpentine from P. Terchiathus^ the fruit 
of Pistacia vera is the l*istachio-iiut, higlily valued in Eastern cookery. 
yTangifera indica^ with nmne.rous varieties, yields tlie well-known tropical 
drupe called the Mango. The Sumachs, species of Ilhm^ are acrid and 
poisonous, aflecting some coustitutums more than others, and sometimes 
producing violent erysipelas when applied to the skin. Ji. Toxicodendron 
IS the Poison-Oak of North America; li. vemoiata^ the Poison-Elder or 
Poison-Sumach. R. typhina, fflahra, and Coriaria havti actid fruit and 
astringent bark, used in tanning ; R. Coiinm (wiiich is vsometiines grown 
in our shrubberies under the uiiiie of the Wig-plant, from the hair-like 
nature of the sterile flower-stalks) yields the dye-wood called Young 
Fjistic; R, Metopium, the Hog-gum of .Tamaiea, a powerful purgative and 
♦mietic. Spondias purpurea aud S. Motnbin yield siicculeiit tVuits eaten iii 
Jlrazil and the W. Indies under the name of Hog- pi urns; S. CyUicrca or 
didcis affords a delicious fruit in the Society Islands. 

Sabiacejb are a small Order of P^ast-Indian plants, removed by recent 
authors from Anacardiaceai, where they were lormerljr placed "as ano- 
malous forms. They are remarkable for the superposition of the parts of 
the ffower. 

OoNNARACEJB form an Order of tropical trees and shrubs, usually 
placed near Anacardiaceoe, hut destitute of resinous juice, and with ortho- 
tropous ovules ; the fruits are apocarpous and follicular. They are also 
idlied to the Xanthoxylacete. The seeds sometimes have an aril ; those 
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of some species of Omphahhium are edible. The Zebra-wood, used in 
cabinet- making, is stated by ‘Schomburgk to be the produce of a Guiana 
species of this genus, O. Lamherliy of great size. 

BURSERAOE/E. The Balsam Order consists of trees or shrubs 
abounding in balsam or resin, with alternate or opposite compound leaves, 
sometimes stipulate and di)tted ; flowers perfect, or sometimes diclinous 
by abortion ; calvx persistent, with 2-^) divisions ; petals and stamens 
perigjmous, outside a perigynous disk ; ovary 1-5-celled, superior, sessile 
in or upon the disk ; ovules in pairs ; micropyle superior ; raphe ventral ; 
fruit dry, 1-5-cellcd, often splitting into valves ; seeds aperispermic ; 
cotyledons plicate, rarely flat. — Illustrative Genera : liom-elliaf Roxb. ; 
liakamoflemhwiy Kuiith ; Canarnmiy L. ; Amyriny L. 

^ AfHnltles, &c. — The Burseracem (or, as they are sometimes called, Amy- 
ridaceje), excepting the genus Antyris itself, have a iminy-celled fruit, 
which foi'ins a link between Amic.ardiaceaj and Aiirantiaceje ; but the shell 
f)f the fruit is hard here, and opens by valves, yhnyris has dotted leaves. 
Tlio ovules in pairs separate them from Anacardiace.T. The want of 
scales iy the stamens separates them from Simariibem. h'rom Riitals they 
d'ffer in their aperisj)ernuc embryo. From Aurantiads they differ in 
the fruit. 

Distribution. — The Order consists of about 150 species, distributed 
throughout the tropics of Asia, Africa, aud America. 

Qualities and Uses. — Fragi-ant resinous juices are the chief character- 
istics of this Order, liostrellia ihurifvruy jlorihxinday and ylahra yield the 
East-Tndinn Olihamim or Frankincense ; B. papyrifWa (Abyssinia) yields 
a similar Olibanum, and has a remarkable inner bark, capable of separa- 
tion into sheets, which are us(^d as paper. Bglsamodmidmn Myrrha yields 
Gum Myrrb ; Balm of Mecca is produced by B. Opobalsavium and B. 
yifeadmi^e. B. Mvhd yields Googal, or Bdellium ; B. puhescens another 
balsam, almost soluble in wat(‘r. Ainyris hcxandra and A. Bliimieri yield 
Elemi ; the W'ood of A, Imlmmifera is known as Lignum Rhodium ; the 
balsam of A. to.nfera is poisonous. Idea Idea riba yields Brazilian Fdemi, 
I. Carana American Balm of Gilead ; and other species afford similar pro- 
ducts. Elaphrinm timienttmim supplies one of tlie kinds of Tacamabaca, 
E, elemife7’‘u?7i Mexicsii Elemi ; and Canarkwi commune furnishes East- 
Indian or Manilla Elemi. Bw'sera panindnta (Mauritius) is called 
IWs de Colophane, giving out freely when wounded an oily juice smelling 
like turpentine ; B. fiummifem yields Chiboii resin, B. aciiniinatn Resin 
of Carana ; Hedtdyia halsamiferay Beaume a cochon, used as a substitute 
for Copaiba. The wood of Idea altimma is used for canoes in British 
Guiana, under the name of Cedar-wood. 

LEGUMINOSJE. The Pulse Obdee. 

Series Calyciflorte ; Coh, Rosales, Benth. et Hook, 

shrubs, or trees, with irregular, often papilio- 
naceous or regular flowers; stamens 10 or rarely 5, or sometimes 
indefinite, diadelphous, monadelphous, or distinct ; pistil simple, 
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free, becoming a legume or lomentuin ; seeds usually aperispermic ; 
leaves mostly alternate, stipulate, usually compound* 

Character, 

Thalamus usually flat or convex. Calyx more or less deeply 5-fid, 
the odd lobe in front or next the bract ; lobes often unequal and 
variously combined. Corolla ; petals 5, or 4-0 by suppression, 
springing from the bottom of the calyx, papilionaceous or re- 
gular : the odd petal, when present, posterior (figs. 303, 300). 
Stamens definite or indefinite, springing from the calyx, rarely 
hypogynons, distinct or coherent in one or two bundles (0 -f 1, fig. 

307) , or rarely in three ; anthers opening by chinks or by pores. 
Ovary usually solitary, simple, of one carpel (very rarely 2 or 5), 
1-cellcd, 1-, 2-, or many-seeded ; style and stiyma simple (fig. 

308) . Fruit : a legume, lomentum, or rarely a drupe ; seeds 
attached to the np])er (ventral) suture, 1 or many, sometimes 
with an arillus ; embryo v\'it;hout, rarely with perisperm, straight, 
or with the radicle folded on the cotyledons. 


Fig. 802. Fig. 303. 



362. Compound loarcs, terminating in a short tendril, and stipules of Bean (Vida). 
Fig. 363. Papilionaceous corolla of Pea. 

Fig. 864. The separated petals: a, vexiUttm; aUe ; e,e, carina. 
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Fig. m 



Flf{. InnoroBwnoo, calyx, corolla, &c., of Bean. 

.‘J66. Ground-plan of a Papilionac'couH flower — the bra(?ket represents the j^osition of 
the hrnet, th<* O that of the axis. 

Fig. 1)^7. Diadeljthoua Htametis of LegnniinoMe. 

Fig. iJttS, Stipitato ovary, style, and stignm of Colufea. 


This large Order is divided into thn^e Suborders, which are dis- 
tinguished by the following characters : — 

1. Papilionace.f. Corolla j)apilionaceons, imbricated in the 
bud, with the upper, odd jieial, called the standard or 
“ vexillurn/’ exterior. — 2. (Lksalpinie-I*:. Corolla imbricated 
in aestivation, the odd pt^tal with its edges inside the lateral 
ones. — 3. ^iMosEyK. Corolla valvate in aestivation. 

The typical floi*al formula is lei 5, P 5, A 5 + 5, 0 1, but much 
variation from it occurs. 

This vast Order is further subdivided into several tribes, the 
subdivisions being founded on the degree of cohesion of the sta- 
mens, the nature of the pod and cotyledons, the leaves, habit, &c. 


iLLUSTBATiVE GeNEHA. 


OhorozeniR, LahUL 
Lupimis, X. 

Lotus, Z. 
Trifolium, Z. 


L Papilionackje. 

Astralagus, Z. 
Pisuui, Z. 
Arachis, L, 
Ornithopiis. Z. 


Phaseoliis, Z. 
Dalbergia, Z. 
Sophora, L 
Swartzio, WiVd, 
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2. C-ESALPINIEJE. 

CaBsalpinia, Z, i Tamarindus, X. I Ceratonia, X. 

Cassia, X. | Copaifera, X. I Sclerolobium. 

3. MiMOSEiE. 

Parkia, X. | Mimosa, X. I Iiig:a, TWr/. 

Adeiiauthera, X. 1 Acacia, JVilld, 1 Prosopis, X. 

Affinities, &c, — This iinniciise Order presents very considerable variety 
of structure within its wide limits ; and but one character is absolutely 

• • 

constant, the position of the sepals* ^ * The irregularity of the corolla 

disappears altogether in the Mimose<e^ and the legume is exchanged for a 
drupe in Detarimn and Dtptenfxi this causes a near approach to the 
Uosacesn ; but it may be noticed that when tlui flower is regular the fruit 
is leguminous, and oive versa ; and the anterior position of the odd sepal 
of the calyx is an unexceptional cbaracler of this (Jrder. The Ctemlpiniece 
have the papilionucusous exchanged for a spn'ading irregular form, or the 
petals are suppressed. In Mimosece the stamens are hypogynoiis. The 
last fact brings the (Jivhn* closely into relation with the Anacurdiacojc, 
from which it is not easy to distinguish some of the apoialous (Jamlpinieoi 
at first sight. 

The single carptd in the ovary of this Order is almost a universal cha- 
racter j two carpel^, however, appear to be nornially present in Diphaca 

Fig. m Fig, 370. 



Fig. 369. Legume of Pmim. Fig. 370. Lomentum of Aoada. 

Fig. .“71. Legumes of MeJiccyo, Fig. 372. Legume <if Adru^ulus : a, entire ; 6, emt acroMt 

to show the false X)artitiou. 


and Cmalpinia digyna ; a double ovary sometimes occurs as a monstrosity 
ill Wistaria simmis., in Gleditschia, and in the French bean {Phaseolm ) ; 
and a Mimosa with 5 carpels fthus a symmetrical llower) is said to have 
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been seen by St-ITilaire. The simple legume presents a great variety of 
conditions, both of form, consistence; and dehiscence. Its normal form is 
such as we see in the garden Pea (fig. 309) ; in ColuUa (the Bladder-Senna) 
it is inflated and membranous ; in Astratfolm tlie dorsal suture turns in 
and forms a false septum (fig. 372) ; in Phaea it is spongy or fleshy ; in 
many cases it is woody j it may be straigiit or curved, or even spirally 
curled {Medimgo, fig, 371) ; in the lomentaceous form it is constricted at 
intervals, often breafcing into 1-seeded joints (fig. 370) ; in Cathartoearjms 
it is cylindrical ; in Defarhtm and Dipivryx the l-seed(^d ovary develops 
a bony endocarp and fleshy epicarp, and becomes a drup(j, like 373 ^ 

the Almond. The dehiscence is equally varied: normally 
both sutures open and the valves separate ; in Hfematoxylon 
the valves adhere at the sutures and split in the middle. Jn 
ihrmichadia the valves separate from the suture ; in Orni^ 

&c. the loniontum breaks up, and the pieces either 
open or rfuruiin indehiscent ; in Enkuht the lomentaceous pod 
is op(uied by the valves separating in pieces. In Catharfo- 
cm'pus, Arachis^ Tamarindus^ and otluT cas(}s no dehiscence 
occurs at all ; and in Cc/thartocarpus and Tamarindus a pulp 
is formed inside the legume. 

The irritability of the loaves of many Leguminous plants 
is a striking cluiractcristic : it is most remarkable in the 
ILidymrem^ as in Smithio^ Desmodiumy iV:c,, and in Mimosece ; 
but it exists in a lower degree very commonly, even in the 
Locust-tree {ll(d)inia Pseudit’-aeacia), The Acacias ar(^ no- Phyjlodo, with 
tic(?able for the pliyllodial petioles, which often wholly re- f flo^ers!^of 
place the leaves (fig, 373). Acacia. 

Distribution. — The Order comprises nearly 7000 species. Tlie Papilio^ 
nucvm^Vi) universally distributed, but are most abundant in warm climates ; 
some genera are widely dillused, others almost confined to particular parts 
of the globe, as Australia, North or South Am(‘rica., ( hipe of Good IIopo, 
&c. The Crpsalpiiiifre and Mhmm're are chiefly tropical ; but the latter 
abound beyond this limit in Australia. Traces of Lf^guminous plants have 
been observed in the Lower Eocene and more recent formations. 

Qualities and Uses. — This Order contains a vast number of plants ; and 
among them there is an exct?eding diversity of properties. Those with 
mild juices arc frequently exceedingly nutritious; wbeu the juices are 
more concentrated, they become either purgative or astringent, and some 
of them poisonous ; the poisonous properties occur in all parts, but cbiotl}^ 
in the seeds and bark. In other respects tlie}"^ furnish most valuable 
timber, fibres, gums, dyes, &c. In enumerating some of the most im- 
portant plants, it will be best to take them under the heads of the Sub- 
orders, 

1 . PapUiomcrw . — A large proportion of the common fodder-plants, such 
as Clover {TrifoJimn)y Lucerii and Medic (Medicayo)^ Sain- 

foin {Onohrychk), Scv.,, belong to this Suborder ; and various other similar 
plants are in use in foreign countries, such as species of AdrayahtSy Cro- 
talariajuncmy Desmodlum diffusum. Indigofer a enneaphytlay &c. The seeds 
of many species are eaten, constituting the various kinds of pulse ; such 
as Broad Beans {Faha)y Haricots and Scarlet-Kuniier Beans (Phaaeolus)^ 
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Peas (Pmm^ Dolieho8\ Lentils, {Ervum^ Vicia)^ Chick-peas {deer), 
Pigeon-peas ( Cajanus), Lupines, &c. The roots of some of these are 
said to be poisonous, as those of Phaseolus ; but, as is well known, the 
pericarps or pods are eaten boiled in the younpr state. Saccharine matter 
exists in the roots of Liquorice ( Glycifrrhiza f/lahra^ with G. echinata and 
ylandulifera) j a kind of Manna is obtained from the Camel-thorn (AUuuji 
'Mmironim); Astra ynlns glycyphyllm has a sweet juice. The tuberous 
roots of Dolichos tuherosus and hulbostis^ Apios^ Puerariaj and Lathyrus 
tuberosus are eaten in the same way as potatoes. 

Among- the purg-ative species are Bladder-Senna ( Colutca aj'horesems)^ 
the leaflets of which are often used to adulterate true Benna, and Caron Ilia 
Einerns and C. mria : the last is reputed to be poisonous ; various species 
of Genista^ Cytism (Broom), Rohimay isic. are diuretic and cathartic. 

The well-known astringent substance Kino is obtained in Africa from 
Pterocarpus erinacms, in the Kast Indies from P, Marmpinm, Gum Dragon 
from P. Draco, and Bed Sandal-wmod from P. snntnlhms. A somewhat 
similar substance to Kino is obtained in the East Indies from the Dakh 
(^Bvtca frondosa Siipcrha). ICrythrinn monosprnna yields Gum 
I.-<ac. A few plants of this Buborder yitdd gum, such as Tragacanth, from 
Astrayalus vertis, creticus^ cristafmy yammifery nnd strohilf ferns. 

Dyes are obtained from many, as Indigo from Indiyofera tinctoriay 
cccrideay aryenteay and probably others, and from Tephrosia ApoUinea nml 
other species j liaptisia twetoria givtis an inferior kind. The flow(‘-rs of the 
give a brilliant orange-yellow colour ; t^oplt<>ra Japan lea {artiiBhos 
yellow from the pulp of its pods ; Dyer’s broom {Genista tinctoria) gives 
a good yellow colour, and forms a gre(m w’itli Isatis. Oil is furnished by 
the seeds of the Ground-nut {Arachis hypoyad) and otheis. 

Ornamental and ustflid timber is aiforded by some, as 1 1 ose-wood 
mndre of the Frencli ) from various Brazilian species of IVipfolonim, Itaka- 
-wood of Guiana {^lachccriuni SchonihnryJd)y Lahuinum-wood (('ytims 
Lahurmni)y Locust {Kohinia Psc.iuh}^aca(ia) ; Dalheryia Sissoo and other 
spfieies, and Pferocarpas dalheryioidcsy iire highly valued in the East Indies. 
Others furnish fibrous substances, such asCf'otularia yielding Bengal 
Hemp. 

Dipteryx odorata ( Tonka-hcan) and D. oleifera (Ehoe-niit) are used in 
perfumery. The hairs from the pods of Cowhage {Mncnna prurims) were 
formerly used as an aiithcdraiiitic. The s(»-eds of Asfrayalus hmtinis are 
used as a suhstitute for and adulteration of cotfee in Germany. 

The distinctly poisonous plants of this Buborder are numerous. The 
roots of the Scivrlet-runner bean (Phaseolns miiUiflorus) and other species 
are narcotic poisons ; also the seeds of Laburnum ( Cytisns Lahurnunty 
edpinus, ifec.), those of Lathyras AphacUy and, it is said (but denied by 
others), those of Ahrus precatorim (the scarlet seeds with a black patch, 
often used as beads), Anayyris fejctidny Ertmm Ermluiy &c. Indigo is a 
violent poison ; the slioots of various kinds of Tephrosiay especially T. toxi-^ 
feruy are used to poison fish, as is the bark of Piscidia ErythrinUy a pow^erful 
narcotic. Species of Gcoffroya, as G. vermifuya and spimthsa^ and Andira 
imrmis and retmay having drastic purgative and emetic barks, are acrid- 
narcotic poisons in large doses. Gwripholobtumy oa Australian genus, is said 
to poison sheep. Physostigrna, venenomm furnishes the poisonous (Malabar 
bean used as an ordeal by the natives, and in medicine for its use in 
contracting the pupil of the eye. It acts as a powerful nervous sedative. 
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2. C<smlpimem . — This Suborder does not appear to have any decidedly 
poisonous properties ; but a purgative quality is very common, as in Senna, 
Casda ohovata^ Senna amtifolia^ and lanceolata ; C. marilandica and other 
North-American species have similar properties. Casda or Cathartocarpm 
Fistvla has a purgative fruit ; and the pulp of the Tamarind {Tamarindus 
indica) shares this quality. Tiesides the Tamarind, other fruits, less acid, 
are eateu, as the Tamarind Plum {Dialium indlcurn) and the Tamarinds 
of Sien’a Leone, which are species of Codarium, Carobs or Algarobs, the 
legumes of CeratimiaSlUqua (also called 8t. John’s, or the Locust-tree), are 
used for feeding horses in Spain, find have recently been imported for 
feeding stock in this country. Gleditschia triacatiihofi bears a similar fruit, 
called in North America the Honey- locust ; tlie fruit of the West-lndian 
Locust, llymmecn Vmirhnrily is somewhat similar, but is said to purge 
when fresh gathered ; a kind of beer is made from it by decoction and fer- 
mentation. — Many CfXfmlpimem have bitte.r and astringent properties, and 
are sometinn^s used in medicine, several of them in tanning and dye- 
ing, as Divi divi, the pods of Qmmlpinia Coriaria, one of the most powerful 
of known astringents ; the bark of some specdcs of Ihinhinia and Cassia 
are used in similar ways. — The dye-woods are important, namely Log- 
wood {Jloimatuxplon eampechmnum'), lirazil-w’ood or Pernambuco- wood 
(^Cmalpinid echinatn^ hrasiliensis., and other species), (him-wood or Bar- 
wood {liaphia nitidn)^ &c. The West-lndian Locust-tree {llynmicra 
Courharil), the Purple-heai’t of Guiana ( Copaifrrnpnhtjfiora and hracteaia), 
Melanoxyhm Brauena^ Eperna falcata^ &c. yield very hard and durable 
timber. ' The size of some of the Cfesalpineous trees of the South-Anie- 
rican forests is said to be enormous, as much as 84 feet in circumference 
at the base, whore large projecting buttresses occur, and 00 feet at the 
commencement of the clear run of the trunk. 

The bark of Bauhinia rncemosn and parttflora is used for cordage in the 
East Indies. Gum is yielded by several, as by Banhinia retusa and B, c/nur- 
ginata in the l^ast Indies, and Pithecolohimn gnminifrnmi in Brazil. Aninie 
resin is obtained from llymencea Courharil ; Mexican Copal probably from 
an allied plant; Brazilian Copal from various species of this genus, and 
from Trachylohium Ma7'tianu7n ; Madagascar Copal, and perhaps that of 
the East Indies in general, from Hynmuf a ven'nccmi. Jiatsam of Copaiba 
is derived from various West-Iijdian and Brazilian species of Cipaifei'a ; 
Balsam of Peru from Myroxylon Pereirce : Balsam of Tolu from M. iolui- 
f exurn. Ah'exylum Agidlocham yields one kind of Jiagle- or Aloes-wood, 
the other coming from an AqtiUaria. 

3. Mimose (^. — Mucilaginous juices concreting into gum and astringent 
properties of the bark are the most striking qualities of this Suborder. 
Gum Acacia and its varieties are yielded by several species of Acacia : — 
A. Verck and Adansonii (Gum Senegal) in West Africa, A. nilotica and 
Seyal (Gum Arabic) in Nubia, A, arabicuj sjunosOj and (Vachellia) Fame- 
siana in the Etist Indies, A. dcctaxem, molHssirnaf and qffinis in Australia. 
The bark of most species of Acacia is very astringent, and many kinds are 
used for tanning in India; the pods of A. nilotica are used for the same 
purpose ; and the astringent substance called Catechu is obtained by 
extraction with water from the heart- wood of Acacia Catechu, Various 
species of Inya^ Prosopis^ &c. are very astringent. Some East-Indian 
Acacias yield valuable timber ; the legumes of A, concinna and the large 
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seeds of Eutada Etirscoilia contain a saponifying substance. Some kinds 
of Mimosa and Prosopk are said to have poisonous properties. Acacia 
varianSy of Australia, has been called the Poison-tree. It is hardly neces- 
sary to add that a great number of plants from all these Suborders are 
cultivated for the sake of their beautiful flowers. 

Moringaceje form a very anomalous group of 3 or 4 species only, 
marked by the following characters : — Trees with 2--3-pinnate leaves and 
thin deciduous stipules ; flowers irregular, 5-merous ; sepals and petals 
petaloid; stamens 8-10 on a disk in the tube of the calyx, the outer 
circle sometimes sterile ; anthers 1 -celled ; ovary superior, stalked, 1 -celled 
with 3 parietal many-ovulcd placentas ; fruit a long 3-valved pod with 
the seeds in the middle of the valves ; seeds witlioiit perisperiii. The 
species are natives of Arabia and the East Indies, and have generally been 
referred to the vicinity of the Legumiuosie, principally on account of their 
perig>'nous irregular flowers, pinnate leaves, and piid-like fruits. The 
structure of the ovary removes them widely from Leguuiiiiosao, on account 
of the parietal placeiitation, since, judging from liosace;e, the occurrence 
of additional carpels in Leguminosjc would be accompanied by an apo- 
carpous condition, or at least by axile placentas. Diphaca and CeBsalpinia 
dif/i/na (Legumiimsje ) are in fact described as having 2 legumes; but the 
monstrous forms of Gkditsc/tia referred to by Do (hiudolle are said to have 
2 coaloscent carpels. Hence Lindloy places this Order in the neighbour- 
hood of ViolacOiC, and conceives that it approaches Ikilvgalaoea). Others 
place it betwetai (hipparids and liesedaceje, to tin? I'ornier of wliich 
orders it is certainly closely allied. The root of Morinr/a plcryyosperma 
is pungent and aromatic, roseiiibling Horse-radish. A gum like Traga- 
caiith exudes from the bark. The seeds are the Ben-nuts ; and the oil of 
Ben was formoiiy highly esteemed for perfumery, and for lubricating 
watchwork, on account of its comparative freedom from easily-solidifying 
fatty ingredients. 


E08ACE.E. The Eose Oiideh. 

Coh. Rosales, ISenth. el Hook. 

Diafinosis. — Herbs, shrubs, or trees usually with alternate, stipu- 
lat-e leaves, regular bisexual or unisexual f^o\^ ers ; numerous (rartdy 
few) distinct stamens springing from the calyx ; carpels 1 or many, 
either quite distinct or coherent, and enclosed in the tube of the 
receptacle ; seeds (anatropous) 1 or few in each ovary, aperi- 
spermic ; embryo straight, with large and thick cotyledons ; leaves 
alternate, stipulate. 

Character. 

Thalamus convex, elongated, or concave, forming a tube (calyx- 
tube, receptacular tube). Calyx synsepalous, with 4-5 lobes, 
the odd lobe posterior, i. e. next the axis, when 5 ; sometimes 
with an epiealyx. Corolla ; petals 5, distinct, emerging from the 
calyx, rarely absent. Stamens definite or indefinite, given off 
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apocatpoua, 1-2, or 6 or nutiieroue, 

Irr^Uod, solnetimes combined togetlier in the excavated r^ptacle 
(fig. 374) or tube of the calpc ; ovules 1 or few ; stpUs lateral 
(fig. 377) or terminal. Fruit t a drupe, an achene, or a dry or 
succulent etaerio (figs. 375, 376), or a cynarrhodon or a pome 
(fig. 378) ; seeds 1 or more, aperispermic ; embryo straight. 


Fig. 875. 



^ i 

Fig. 379. 



Fifj. 374. Section of the flower of Jloaa, showing the flower-tube enclosing the carpels. 

Fig. 375. Dry etaerio of Geum, with separate carpel in section. 

Fig. 375. Section of succulent etfierio of Jftibu0, 

Fig. 877. Ovary of Fragaria with lateral style. 

Fig. 378. Section of the pome of MespUut. 

Fig. 879; Calyx of the Ro se ; the numbers indicate the sequence of the sepals flrom without 
inwards, or from below upwards. 

Fig. 380. Transverse section of pome of Apple, showing the five carpels imbedded in the 
fleshy flower-tube. 
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This Order is commonly hroken up into several smaller Orders, 
which we shall characterize here as Suborders. 

1. CHETSOBiiXANEiE. Trees or shrubs with free stipules ; car- 
pel 1, adherent more or less to one side of the calyx-tube ; ovules 
2 ; style basilar ; fruit drupaceous ; seed erect ; radicle inferior. — 
2. Deupaoe^. Trees or shrubs with free stipules ; carpel 1, free ; 
style terminal ; fruit a drupe, not enclosed in the tube of the 
flower, which is deciduous ; seeds suspended. — 3. Pome^. Trees 
or shrubs with free stipules ; carpels 1-5, more or less united 
together and with the sides of the flower-tube ; styles terminal ; 
fruit a pome, 1-5-celled or spuriously K)-cellod, with a crustaceous 
core or bony (fig. 375) ; seeds ascending. — 4. liosE^E. Shrubs 
or herbs with adriate stipules ; cari)els free from the flower-tube, 1 
or many, 1 -celled, sometimes cohering ; styles lateral ; fruit usually 
formed of an assemblage of dry achenes, small drupes, or dehiscent 
several-seeded follicles ; seed suspended, rarely asciending; radicle 
superior. — 5. Sanouisoeb.e. Herbs or undershrubs, apetalous, 
often diclinous; carpel 1, enclosed in the flower-tube; style from 
the summit or base ; fruit au achene, surrounded by the persistent 
tube of the flower; seed 1, suspended or ascending. 

Il.LUSTIlATlVK GkN KEA. 

I. CHiiVSOBALANEiE. OhryM)balanm^ L. — II. AMYiJDAi.EiR, or Dru- 
PACKAi:. Prunvs, L. — HI. Pomeje. Lindl. — IV. llosKii 2 . 1. llo- 

sida:. Flower-tube ilesliy, enclosing the achenes : PosHj Tournef. 2. 
PoTENTiLiJDAC. FJower-tuhe lierbacooLis ; fruit an eUcrio : Ituhusj L. ; 
Prnyariaj L. ; Potcnfillaf L. 3. Sjurjicidao. Flower-tube herbac-eous ; 
fruit a ring of follicles; seeds not winged: S)?t‘/Ycc/, Jj. 4. Quilj.aiA 3. 
Flower-tube herbaceous; fruit capsular; S('ed winged: Qu-illma^ Mol. 
5. Neujiaueas. Flower-tube adhering to a rijig of 1() carpels ; seed pen- 
dulous : Neuradaj L. — V. 8 AN(JUJSORni:A 2 . Alchnnil!ay To\xmoi.) Po~ 

terioin, \j. 

Affinities, &e. — Typical formula iS5 1’ 5 Aoo G l-oo . Closely allied to 
Leguiniiiosfe ; and, indeed, the only constant point of difference consists in 
tlie position of the odd sopjil — posterior in llosacose, anterior in Legumi- 
iiosfe. The Chn/sohalanerc may be regarded as forming a link between the 
Leguniiiiusa 3 and the Drupacecc, touching that Order especially in its 
drupaceous genera and those with a laterally adherent calyx. The Drun 
paceee have some atlinity also to Anacardiacejc ; Pomece again connects 
the Order with the epigynous families, especially Myrtaceae, through 
Punica. Posece resemble Pumece in many respects, hut their affinities go 
out in other directions; Calycanthaceae should, perhaps, scarcely be sepa- 
rated from them. The Spirceidce very much resemble some Saxifragacea 3 
(distinguishable by their perispermic seeds; ; and the Potentillidm remind 
us of the Ranunculacea^ in the fruit and the adnate stipules, which some- 
times closely approach the dilated base of the petiole of Panuncvlm^ &c. ; 
but Ranunculaceae have perisperm and usually hypogynous stamens, though 
the difference in some genera between hypogynous and perigynous posi- 

s 
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tion of the stamens is almost imperceptible. Sanffuisorhef^ are merely a 
degraded form of lioseefi, wh(n*e the petals and OJie or other set of essential 
organs are abortive in each flower. 

Distribution. — Th(‘re are about a thousand species. The CTirysohahmew 
are chiefly found in trupic;d Aimuica and Africa, more rarely in Asia ; the 
Drupctcvdi are mostly natives of the temperate parts of the Nortliern 
Hemisphere, but arc widely 8j)rea(l in cultivation ; the Pomrm also belong 
to the Northern Ilemisplifu-e; most of the Ttimre and Sam/uisorheoi belong 
to temperate and cold climates, but a few are tro})ieal. 

Qualities and Uses. — I'he succulent, fruits of numy of the plants fonii the 
most striking feature of this Order. Various ])arls of the structure, but 
especially the seeds, yield much liydrocyaiiic acid iu the Suborders Dm- 
puceco and Pomvff . The bai k and root of almost all are bitter and astrin- 
gent, owing to the ]»re.sence of tannin. Dmpacv<c commonly contain a 
gum (resembling Oiim Arala(ri in the sap. Tliis gum is the result of 
a pathological change in the tissm^s. 

Most of the Chrf/nohalanmt hav(i sfconc^-frnits ; that of C. Icaro (West 
Indiovs) is eaten under the name of ( .V)coa-plum. 

Among thi‘ Dmpacm' we iiave the fruits: — Almond (Amj/f/ddlus coin- 
mmm ) ; the Peach and Nectarijic ( A . pertn'en) ; the Plum in all its varieties, 
such as Greengages, J lull aces, Djuusous, «X:,c. {lYnnm domedim^ spim.so^ 
and varieties); the Apricot (Pnmus annnviaca) i the (Cherry {Cvraaifs 
ftrimHy &c.). Cenostfs Jjturo-ccmsKK is the common “ Laurtd ” or Cherry- 
laurel of our shrubberies, C. the l^ortugal Laurel. ]\Iany "of 
these plants contain a coiisidt'rable quantity of amy<jd(dinc^ (-ausing the 
formation of prussic acid wlieii they are bruis(‘d. 'I'his gives to the seeds 
of tlie flitter variety of Almond, and to all oilier seeds in this Suborder, a 
poisonous property, whicli ('xists also to a gri'Ot extmit in the li'aves and 
shoots of the (Iherry-hiurel, tin* flowers of the Almond, Piaxch, »fcc. The 
seeds also contain a lixed oil, which may be, oblnimnl by expressiim ; and 
that of the Sweet variety of the Almond is devoid of (imiff/dalinc^ 
thus bai’inless. The bark of l*mmts aerofina is used medicinally in inter- 
mittent fevers. Povwcc have succulent fruits, such as tlie Apple, Pear 
(Pynis Malus and comnnoiis), ()uince {Cydmiia ndyaris), Mi'dJar {Mes- 
pdm ycr?n(fmr(i), <fcc., wliich have been brouglil into tlie edible condition 
bv cultivation ; when wild, they are ino.MtJy austere, like those of the 
llawthorii (Crataryi/s), of the Mountain Ash (J^/nc^ Anmyaria), &.C.. 
The seeds contain amygdaline, and therefore yield piiissic acid ; as do also 
the flowers, bark, and root of the Mountain Ash. Quince-seeds are 
valuable for the mucilage they contain. 

The liosc€r yield edible fruits, such as the Raspberry and BlackbeiTV 
(Ptibiis ulnpifs m\d fmficosuft) and the Strawberry {Frarfario. ela1ioi\vetica^ 
&c.). The petals of Roses yield the essential oil called Otto or Attar of 
Roses. Kousso {Brayera anthelmhdicd) is used as a vermifuge. Most of 
the have astringent bark and roots ; some are uiiwliolesome. Sim- 

puisorbeoi have astringent properties similar to liof<ccc, Quillaice contain 
in their bark a saponaceous principle, which renders them useful for 
cleaning silk fabrics. 

Calycanthackje form a small Order, consisting of shrubs with opposite 
entire leaves, without stipules ; sepals and petals similar and indefinite ; 
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anthers adnate and extrorse; cotyledons convolute ; otherwise like Ilo- 
saceai. — The species are natives of North America and Japan, and are 
chiefly remarkable for the peculiarity of their fioral envelopes, the 
coloured bracts of the peduncle pasainj^ insensibly or iindistinguishably 
into the calyx, and this into the corolla ; tlie segments nf both spring 
from a fleshy tube sui)porting the stamens and suiTounding the car- 
pels j convoluted cotyledons are only found in one llosaceoiis plant, 
Cha?nc('7neieii (Poinecr), but arc characteristic of Oonibretnceie. Calycunths 
stand betwcien the llosaceie and the Myrtar'eai, and have, perhaps, a 
distant r(jseni])lance to iMagnoliacefe, like that of Kosacea^ to Kauuii- 
culacea*. Jlaillon places them with Monimiads. Their wood is curious, 
the stem having- four false wu)ody axes around the real axis, giving the 
st(;m a quadrangular character. The chief property is fragrance of the 
blossom. ChiniotumthiiH produces yellow fragrant flowers upon the leaf- 
less brandies during the winter. Caff/caiUhiis Jioridm has an aromatic 
bark. 


MYETACE.E. The Mvktle Ojidee. 

Coh. Myrtales, Benth. at, Hook. 

lJla(/nosis . — Trees or shrubs with leaves ojij)osii;e or alternate, 
entire, usually dotted, and with a submarginal vein; flowers 
usually axillary, regular, polypetaloiis or apidalous ; calyx ad- 
herent, 1— 5-clei‘t, valvate or iinbrii‘ate, sonietiimss falling oft like a 
cap; petals d-'5, imbricated; stamens J5-10 or numerous, rarely 
4-5, distinct or polyadelphous ; ovary i-, 2-, 4-, 5-, or 0-celled; 
style and stigma simple; jilacmitas axile ; seeds usually iiidefiuite, 
aperispermic ; fruit dry or succuhmt, dehiscent or indehiscent. — 
Illustrative Cienera : Tribe 1. Leptosi'Ermk.e. Emit capsular. 
Melaleuca, L,; JlJacali/ 2 >tm, llerit. ; It. Br. ; iimekia, 

L. Tribe 2. MyjtTEyE. Fruit liaccate. Puuica, L. ; Psidium, L. ; 
Mt/rtas, Tournef. ; Euyenia, Michel. 

Affinities, &c. — This Order is lumrly related to tlie liosacese on the one 
hand, and to the Melastoimiceie, Lj'thraceie, and Onagracem on tlie other. 
The Lecythidac<^te, the Chaunelauciaceai, and some otlier smaller Orders 
mentioned below are often combined with tlie Myrtaceie ; but as the 
plants belonging to them are less interesting, or less friiqueiitly seen, it is 
convenient here to exclude them, in order to retain a very definite character 
for the Myrtacein proper. This Order is generally known among opig}^- 
nous forms by the vtdn running round within the margin of the simple, 
entire, and mostly opposite leaves, uniting with the midrib at the end, 
together with the transparent glandular dots and the absence of stipules 
and of appendages to the anthers. The fruit of Pimica, or l*omegrauate, 
is very curious, aud presents unusual conditions — a double circle of car- 
pels, which by the. mode of growth of the excavated receptacle come to 
be placed one above another, so as to present two tiers of loculi in the 
fruit. The real natui*e of the structure may be conceived by comparing it 
with the Kose, and by supposing the achenes of the latter to become 
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enlarged loculi containing pulp. Bentham and Hooker put this genus 
into Lythracese ; but its adinities seem rather with Myrtles, of which it 
forms an anomalous genus. 

Distribution. — A large Order, the members of which are distributed 
throughout tropical and subtropical climates. 

Qualities, and Uses. — Generally aromatic from the presence of a volatile 
oil, some astringent, and others yielding gums or saccharine juices. The 
Myrtexe are remarkable for their aromatic properties : thus Caryophyllm 
aromnticus furnishes the Cloves used for spice, (‘onsisting of the dried 
unopened tiower-buds; Euyenia Timenta and E. acru^ Allspiec or Pimento, 
consisting of the dried fruits : the buds and h(;rries of the common Myrtle 
were used in a similar manner by the nrieieiits. This trilx* also affords 
excellent fruits ; tlie Guavas are yielded by species of chiefly 

pomiferum and pyrifenim ; the Itose-aj^phis by Euyenia malaccmsisy Jmn- 
hoSy agueay ke . ; the Pomegranate, l*amra Grmiahmiy the rind of which 
is also valuable for its astringent properties, which cause it to he used 
both medicinally and for tanning. Among the Lepimpermerey the Oajepiit, 
i^MeUdeaea Cajeputi) is well known for its acrid volatile oil, obtained by 
distillation from tlie leaves. Aletnmderos is a genus some of the species 
of which form very striking features in the vegetation of New Zealand, 
M. hiLvifolia and other species, calh'd Aki, Pat a, overgrowing trees, 
like the Finis indicay and themselves ultimately becoming exceedingly 
hard-wooded trees. The Eundypti of Australia are still more remarkable 
in many respects : some of them attain a l.eiglit of 200 feiit or more, and 
a diameter of 10 to 15, rising to 100 or 150 feet clear of branches. The 
bark of some oftheui separate in iibrous layers, whence they have derived 
the common name of Stringy-barks. Tlu^y are also called Gum-trees, 
from containing a gummy or sai‘charine sap, occasionally of astringeiit 
character. E. ro/jUrda secretes a red gum in the interior of the trunk; 
from E. mannifera a saccharine subslaiict' like manna is obtained. E, 
yields, when ta^)ped, a sweet fluid, which is fermented into a 
kind of beer. E. resinifera furnishes an astringent substance known as 
Botany-Bay Kino. Other species also contain a sulficient quantity of 
tannin to he of commercial importance. Iri’cm their rapid growth they 
have been introduced with good efiect in marsh v swamps ancl in dry hills 
denuded of trees in the South of Europe. The leaves of some species of 
Lejdospermum and Melaleuca are used for Tea in the Australian colonies. 

Many of the Myrtaceaj are cultivated on account of their beauty. The 
commoii Myrtle, a native of Persia, naturalized in Soutliem Europe, bears 
our winters, and flowers out of doors in the 8outh-\Nest of Enghiiid. It 
affords many beautiful varieties in cultivation. The species of MetrodderoSy 
Callistenmiy &c., sometimes called Bottle-brush plants, have very curious 
and showy blossoms. The Pomegranate flowers and fruits in "sheltered 
places, and hears a very biilliant blossom. 

LEcyTiiiDACE*® are chiefly distinguished from the Myrtaceae (with 
which they are united by Beutham) by the dotlcss foliage "and the hood- 
like petaloid plate, consisting of concrete stamens, covering the middle 
of the flower. — The species are usually large trees ; their fruit is very re- 
markable, consisting of a large woody case, the top of which sometimes 
separates like a lid {Lecythis), whence they have been called Monkey- 
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pots. They are chiefly found in Guiana and Brazil, The Brazil-nuts of 
commerce are the seeds of Bertholletia excelsa^ and are formed inside a 
large round woody seed-vessel. Couroupita yiuanmsiSj the Cannon-ball 
tree, yields a fruit containing a pulp agreeable when fresh ,* the shells, 
like the ^"pots” of Lect/this, are used for domestic purposes. The 
bark of Lect/tMs Ollaria and other species is separable into fine papery 
layers, used for wrapping cigars. Z. Olluria is one of the giants of the 
Brazilian forests ; its seeds are called JSapucaya-nuts. 

BARRiNCJTONiACKiE are a small Order of tropical trees and shrubs, 
placed by most authors among or near the Myrtacefe : their foliage agrees 
rather with that of lA'Cvtliidacem, aliliougli without stipules; but their 
flowers are destitute of the hood. The structure of their seeds has been 
misunderstood : they are destitute of perispenn, and consist (chiefly of a large 
axis with minute cotyledons. I’hey appear to have dangerous qualities. 
Humboldt and Bonpiand relate that when the fruit of (ivstann spniosa 
is eaten by children tlnur skin becomes yellow, but the discoloration dis- 
appears in a day or two without auy treatment. Barrinytonia and Gm-- 
taoiu are met with in cultivation as large and showy stove-shrubs. 

\U(uack.t: are a group of Australian shrubs, of heath-like 
aspect, distinguished Iroiu jVIyilaceaj proper chiefly by the fringe of scales 
or bristles w hich frequently surrounds the tube of the calyx (whence the 
name of hnnge-uiynles), and by the 1-celled (rarely 2-8eeded) ovary. 
They have no known utility. — Illustrative Genera: ChanuHauciumj Desl.; 
Darwinia^ liudgo; Gabjtrix^ Lahill. — Some ol‘ the species are very orna- 
mental as greenhouse plants, as the JJartvmiaa {Iledaroma) &c. 

BicLVisiACKj*: consist of a few species of handsome shrubs, belonging 
to the genera Mtpohcma, Palis., and Desf., formerly supposed 

to be related to Cucurbitaeem and Bassifloracese, but apparently only 
forms of Myrtaceae remarkable for the sevenil concentric gamopetalous 
circles of the corolla (or corona), the polyadelphous stamens, and flat 
stigma. Nnpoleona imptrialis forms a large fruit, with an edible pulp and 
a rind containing much tannin. The structure of the flower is curious 
and interesting. They are natives of tropical Africa and Brazil. 

KIIIZOPIIOBACE/E (Manguoves) are trees or shrubs growing on 
muddy sea-shores, with opposite leaves and deciduous convolute inter- 
petiolar stipules ; flowers with an adherent calyx, 4- j2-lobed, the lobes 
sometimes coherent, valvate ; petals equal to the calyx-lobes in number, 
springing from the calyx ; stamens perigynous, twdce or thrice as many 
as the petals; ovary 2-, 3-, or 4-cell ed, each cell wdth 2 or more pendu- 
lous ovules ; fruit l-seeded, crowned by the calyx ; seeds aperiepennic, 
germinating and forming a very long root before the fiuiit falls from the 
tree. (See fig. 9, p. 18.) — Illustrative Genera : Mhizophora^ Lam. ; Brur- 
gmera^ Lam. 

AtBnities, & 0 . — This small but interesting Order consists of about 20 
species, of very distinct habit, but somewhat complicated in their affini- 
ties, agreeing with the Myrtacete,Melastomace8e, Vochysiacese, and Com- 
hretaceje in many respects, while there is a relation with Lythracese, 
CunouiacesB, &c. m others ; Endlicher, as well as Bentham and Hooker, 
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place here Casmpoxirea and Z<y/wo/w, which connect tliis Order with the last 
two ; Lindley referci the Campmrvce oy Jje(fnofidp(P to thel^oa’anial Alliance. 
The striking feature of this Order is the pfermination of the seeds within 
the fruit while attached to the branch, the roots descending? to the mud 
and establishing^ theiiiHelves before the plumule emerp-os. The trees also 
continually send out archinp: adventitious roots, which strike and become 
new trunks, like those of the i^/cwx iudna, foriniiifr tlie Mangrove-swamps 
of tropical estuaries. The fimit of Jihizophora Mmujh is edible, Tli^e 
bark is g(?nerally very astringent in this family. The wood of the radicles 
contains curiously branched wood- or liber-cells. 

VOOIIYSIAOF./E are trees or shrubs, with resinous juice and mostly 
opposite enlire l(*aves, witli gl.mds or stipules at the base ; flowers perfect, 
irre^gular; calyx and coi'olla imbricated, of unequal pieces; stamens 1-5, 
usually opposite the p('tals, arising from the bottom of the calyx, mostly 
only one fertile, with an ovate 4-(ielIed antlier ; ovary free, or partly ad- 
herent, •‘1-celled, with axile placentas, or l-celh-d wiili 2 basilar ovules; 
seeds usually winged, without ]>erisperin. — Illustrative Genera: Qnahn^ 
Alibi.; Vof'ht/sm, Sa/rerfia^ St.-TIil. ~ The members of this small 

Order are natives of the equinoctial regions of America, and are known 
chiefly as timber-trees, often having large showy blossoms. Their afliriities 
are obscuri?. Some authors regard tliem as related to the Glu-siacete, 
others to the Violacoa? and the Thdvgalacem, near which latter they are 
])laced by Bentham and IIook(*r. On account of their calyciflorous structure 
they are usually plact'd near Oombretacea>. 

COMBRETACE/E are trees or shrubs, with alternate or opposite, ex- 
stipulato leaves, not dotted; tlowiTs pmTect or diclinous by n.bortion ; 
enlyx adherent, with a 4-5-1 obed deciduous limb; petals 5, perigynous, 
or absent; stamens perigynous, 5, 10, or 15, mostly 10 ; ovary 1-cellod, 
with 2-4 pendulous oviih^s ; style and stigma simple ; seeds aperispermic ; 
cotyledons convolute. — Illustrative Genera : Tribe 1. TEHMiNAEiEiK. 
Usually apetaloiis ; cotyledons couvoliito. liucidd^ L. ; TenmnalWj L. ; 
Pcntaptci'a, Roxb. Trilie 2. Oomiuietk.i:. Corolla present; cotyledons 
plaited. CW/>rc/«m, Liiin. ; Rumpli. Tribe .‘3. GYnocAiiPEJ®. 

Apetalous; cotyledons convolute; anthers bursting by recurved valves. 
Gyrocarpus, Jacq. ; IHiyera^ Bl. 

Affinitieii. fto. — Related to Myrtaceae, especially tbriuisrh Pmiicn^ but dis- 
tinguished by the unilocular ovaiw and 1-seeded fruit. The structure of the 
flower allies tlie Order to Onagracese and Rhizophorncoie; the apetalous 
forms approximate in some degree to Santalacem and Lauracem. 

Distribution. — An Order comprising upwards of 200 species, generally 
distributed throughout the tropics. 

Qualities and Uses, — The general property is astringency. The barks 
of Bucida BweraSy of Couocarpus racemosa^ and of various Terminalue are 
used for tanning. The fruit of Terminalia hehrica^ the Myrobalan, is 
astringent. A gum is obtained from the bark of T. belericn SiTid Coxnhretum 
altermfolium. T, Benzoin has milky juice, which hardens into fragrant 
gum-resin, used as incense in Mauritiiia. The seeds of T. Catajypa are 
eaten like almonds. Many of the plants are valuable timber-trees ; and a 
number are cultivated on account of their flowers. 
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Alangiaceje are a small Order of exotic plants, timber-trees, or shrubs, 
allied to Combretacem, but having perispermic seeds with large leafy 
cotyledons, and there are differences in the corolla and stamens, Lindley 
considers the plants related in some degree to Myrtacea?, JMehistomacea^, 
and Ouagracefc, but, with Endlicher, thinks tliat, after Ooinbretaccee, their 
nearest relatives are probably Oornacem and Tlamamelidacem j Bentham 
and Hooker group them with Cornacem. Tiie succulent fruit^s are edible, 
but the plants on the whole are of little importance. — Genera: Alan^- 
yiumj L. ; Marleiij Itoxb. ; Nyssa^ Gronov., &c. 


MELASTOMACEiE. 

Coh, Myr tales, Benth, et Hook. 

Diaynom. — Myrtle-like 'plants, with opposite curved-ribbed leaves, 
showy dowers, definite stamens willi riuinirknble ap])en(laged anthers, 
bursting bv pores at the apex. Seeds very numerous, minute, apeii- 
spermic. — illustrative Geuei*a: Centraikofm, I>on; L, ,* Ithexidy 

Nutt.; Medinilla^ Gaudich. ; Miconia^ DO.; iMourina^ .hiss. 

Affinities, &c. — A large prc^portion of tliose plants are distinguishable at 
first sifj’ht by f lie several large curved ribs running from tfie base to the 
apex of the leaves ; but this character dot^s not hold in Mvinfivylm or in 
Houriria. In MemenjUcR^ also, the usually flat cotyledons are convoluted, 
as ill Combrotacejc and exceptional Myrtacem ; Monriria has the ribs of 
the leaves inconspicuous. 1 he most striking character of the flower lies 
in the stamens wdth their oddly beaked anthers. But the Order differs 
Iroiii the Myrtacea3 also in the contorted aestivation of the corolla. 
On the other hand, tliey are allied to the Layer stramiafe among the 
Eythracem, from which, however, the imbricate or twisted mstivation 
of the calyx and tlie characters above noted sufficiently distinguish 
them. 'J'he characters by wdiich the gem'.ra ar(5 distinguished are the 
capsular or baccate fruit, the position of the })laceiilas, and the peculiar 
form of the stamens. 

Distribution. — A large Order, the species of wdiich are generally diffused 
within the tropics— a few also in North America, China, Australia, and 
N. India. 

Qualities and Uses. — The members of this large Order seem to be 
harmless ; and the prevailing character is slight astringency. Many yield 
edible succulent fruits ; the name of Meladoma is derived from the fruit 
staining the mouth black. The most striking peculiarities about the 
Order are the beauty of the flowers and the curious ribbed appear- 
ance of the foliage. A large number of species are cultivated in this 
country, some as ornamental-foliage plants, others for the sake of their 
flowers. 


ONAGEACEJE. The Evening-Pbimrose Ordeb. 

Coh. Myrtales, Benth, et Hook. 

Biaynods . — Herbs or shrubs, with 4*merou8 (sometimes 2-3-merous) 
flowers; the tube of the calyx (of the receptacle) adhering to the 
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2~4-celled ovary, calyx-teeth valvatein the bud, or obsolete; the epigynous 
petals convolute ; stamens as many, or twice as many, as the petals, and 
inserted with them ; ov ary 2-4-celled ; styles united ; stijjma capitate or 
4-lobed ; fruit capsular or succulent, with 2-4 cells ; seeds numerous, 
without perisperni. — IllustraiiveOenera : Oinotluira^ L. ; C/crAia, Pursh. ; 
Efpilohiiimy L. ; Fuclmay Plum, j CiretBay Toumel*. ; Trapa^ L. 

Afnnlties, fte. — Onagrada are allied to Halora^eiu, but differ in their often 
coloured calyx, abseu(;e of puisptu’m, and simple stvle, from Trapa ip 
their convolute imbricate corolla, from Coinbretacefc l>y their plurilocular 
ovary. The parts of the flower in this Order are sometimes 2-merous, as 
in Circcca^ while in lopezia only one stamen exists. Homefimcs the petals 
are absent ; and occasiontilly the flowers are uniw^xual. Trapa is a genus of 
water-plants sometimes placed witJi llaloragacem, from which, however, 
its single stylo and aperisjiermic embryo sepai’ate it. '^fhe floating leaves 
are flat, wedge-sliaped, and entire, while the submerged ones are cut up 
into numerous veiy fine segmojits. The germination of Trapa resembles 
that of some endogenous ])laiits. 

Distribution. — The Order consists of a considerable number of species, 
natives chiefly of temperate Europe, North America, and India. 

Qualitieif and Dees. — Harmless, sometimes sliglilly astringent. The 
berries of some Fuchsias are edible. They are b(\ct l\ijov\7i by tJje nume- 
rous garden plants belonging to the Order, most of wliicli are very showy. 
Epilohivm has many native species, which are mostly w'eeds, B, afngmii- 
folmm, however, and B, hirmitum are toll and handsome plants. Some 
of the QCnofher<B called Kveiiing-Pilmroses, from the yellow flowers 
opening in the evening. Trapa pnHluccs a large horned fruit with amygda- 
loid seeds with unequal cotyledons, T. nafam^ is the Water-cdiostnut of 
the French. The aet’ds of 7’. hispinosa^ the Sinuhara-nut (Kashmir), and 
T, bicomis (China) furnish important artich‘S of food. 


HALOKAGACE.E are aquatic plants, with small axillai^' 2-4-merous 
flowers, often impeifect ; calyx adherent, its teeth obsolete ; petals often 
wanting; stamens 1-8; fruit indehiscent, 1-4-colled, with a solitary 
suspended seed in each cell; perisperni flesh v- — Illustrative Genera: //e)i- 
puris, L.; Myriophyllam^ Vaill. ; Halorayisj Forst. — They are distinguished 
from OnajQ^racese by the reduced calyx and the solitaiy pendulous and 

? )erispermic seeds ; the corolla is absent from Hipparis and Prom'jrinaca. 
fhe former genus has a very simple flower, consisting merely of an ad- 
herent calyx with a very short limb, an ovaiy of one < arpel, and a single 
stanien. The whorh?d foliage of llij^mns and MyriophyUvm is curious, 
giving the first the appearance of an Bquisehnn, wlnle the latter are lihe 
some of the branched freshw*ater Algm. Most of the Order are aquatic ; 
but Malorayis and Loadenna are terrcstriftl and more or less shrubby. 
They are universally diffused, but of little importance. 


LYTHRACEiE, The Loosestrife Order, 

JDiagnom, — Herbs, shrubs, or trees, with mostly opposite entire leaves ; 
no stipules j the calyx enclosing, but free from, the 1-4-celled, many- 
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seeded ovary and membranous pod, and bearing the 4-7 decjduoua cor- 
ruo-ated petals and 4-14 stamens in its throat, calyx-lobes valvate, the 
stamens lower down ; style 1 j stigma capitate, or rarely 2-lobed : capsule 
enclosed in the calyx, ‘dehiscent j seeds numerous, aperispermic.— Illus- 
trative Genera : Peplis, L . ; Ammanniiiy Iloust. j Lythrum^ L. ; Quplm^ 
Jacq. ; Lawsonia, L. ; Layirdroemtay L. 

Aflaulties, &o.— In habit, as also in the striated calyx, these plants 
have some slight resemblance to fiabiatcie ; but their nearest relations ai‘e 
with several Calycifloral Orders (from w^bich, as Onagraoese and Melasto- 
maceffi, they difler most strikingly in the superior position of the ovaiy) 
and with Saxifragaceae. From Rhizophoreaj they dilier in their want of 
stipules and in tlieir numerous ovules. From Myrth^s, besides the above 
characters, they may be distinguished by their valvate calyx. 

Distribution. — A considerable Order, the members of which are generally 
diffused, the tribe Layerstrcemiace tropical. Lythnmi Salicanaj a common 
British plant, is romaikable for being found as the only represeutati\ e of 
the Order in Australia. Its flowers are, according to Jhiiwin, trimorjdiic, 
the stamens and styles being of three didcreiit lengths ; two of these forms 
coexist in the same flower, and have difierent sexual functions. 

Qualities and Uses. — Many of the plants have astringtmt properties ; 
several are valuahlo as dyes. Lawsmtin inennis is the celebiuted ilcmnah 
or Henn(5 of the East, used by women to dye tlndr finger-nails, hands, or 
feet of a brown-orange colour ; it is also used for dyeing Morocco-leather. 
The flowers of Grinlen tomentom are also used for dv(dng in India. Am- 
mannia xresicatoria is acrid, and Inis blistering prcjperties. Physmuilymma 
Jiorilmnday a Brazilian tree, has a beautiful rose-coloured wood, ihiphva 
contains many favourite cultivated species. Bentliam and Hooker place 
Puniva (the l^onngranate) in this Order; but it would seem to belong 
more nearly to the Myrtles. 

S AXlFRAGrACE^E. Saxi rit acies, 

Diagnosvi. — Herbs, shrubs, or trees, witli the pistils mostly 
fewer than the petals or divisions of the calyx (usually 2, coherent 
below, and separate or separating above ; tbi^ ])etals 
sometimes wanting), with thi^ (mostly 4 - 10) sta- Fig. 881. 
mens springing from the calyx, which is either free 
or more or less adherent to the 1-4-celIed o\ ary 
(fig. 381). 

Cluiracier, 

Thalamus concave, more or less adherent to the 
ovaries. Calyx 5-parted, more rarely 3-, 4-, or 
lO-parted, more or less adherent to the ovary. 

Corolla: petals imbricate, perigyiious, equal in 
number to the segments of the calyx, and al- 
ternate with them, rarely absent. SUtwtm in- 
sorted with the petals, equal in number to them ^ 

and alternate, twice as many, or indefinite. Ovary mostly of 
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2 carpels, more rarely of 3 or 4 or 5, more or less united into a 
2- or more-celled ovary, usually half or wholly inferior; pla- 
centas axile ; styles as many as the cells of the ovary ; more or 
less coherent. Fruit usually capsular, dehiscent: seeds mostly 
numerous, small, with fleshy perisperm. 

This extensive group of plants is divisible into four Suborders, 
which are by some authors regarded as distinct orders : — 

1. SAXTFiuGEiE. Herbs: stipules absent or adnate; petals im- 
bricated, or rarely convolute in the bud ; calyx free, or partly 
adherent, ovary l~3-celled. — 2. EscALLONiEiE. Shrubs with al- 
ternate simple glandular leaves and no stipules ; calyx imbricated 
in the bud. — 3. PhiladelphejE or Hybiunge^. Shrubs with op- 
posife siin])le leaves and no stipules ; calyx valvate ; stamens epi- 
gynous. — 4. CuNONiEiE. Trees or shrubs with op[)Ositeor vvhorled, 
simple or compound leaves, and large interpetiolar stipules ; petals 
never valvate. 


Illustrativk Geneua. 


Suborder 1. Saxifiiage^e. 
Stixifraga, L. 

Suborder 2. Escaelonieje. 
Escallonia, Mutls. 


Suborder Piitladelpheje. 
Pbiladelpbus, L. 

Deutzia, Thanh, 

IIydrH]i^»-ea, L, 

Suborder 4. (hiNONiEiB. 
(Junoniji, L. 


Afflniaos, The typical fl.iral formula is | S 5 PSA 5+6 oil The 
relatioiirt of this Order are somewhat complicated, in consequence of the 
ninety of cmidil ions exiting among the g(uj(u*a. The herbaceous Saxi- 
ji af/efr are related to the Crass ulacecO in several respects, but difter in habit 
ajKt in the absence of hypogynous glands— and also to the Rosaceai, through 
kc. ; from these, JJmtzia loads to the shrubbv forms, where 
I uUidelphus manifestly approaches the Hyrtacejo, while the inflorescence 
ot Tlydrmigm is like that of some Caprifoliacere. The Cunoniea are 
scarcely distinguished, except by habit, from the Saxifraqvce ; the Escal^ 
passing ofl from the Phtladelplwcc, are related* to Ilibesiacese, and 
niore distantly to those Ericacejc with an inferior ovary. Bruniacese differ 
in their dicoccous fruit ; Saxifragaceae w'e closely allied to Ly thrace®, but 
m the lattei* the embryo is aperispermic. Pammsia is referred here by 
i looKer, but seems more closely to I'esembleHvpericacew or Sauvaffesiaccre. 
Ihe Austrahau Pitcher-plimt {CephaUttmfiMndoris), the leaves of which 
are tubular, with a hd closin" the tube, belongs to a genus closely allied 
to haxifrnges, especially to the apetalous ones. From Rosaceie it differs 
in the presence ot pensperm in the seed. By Bentham and Hooker the 
following tribes are inchided in this Order r—Saxifragese, Francoe®, Hy- 
drauge®, Escallome®, Cunonie®, and lUbesie®. 


Dfttribntlon.— A Iwge group ; the Saxifragea> are northern and alpine 
?. 7 chiefly mountain plants of South Amenca ; 

the lAuadefpheie belong to South Europe and the temperate regions of 
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Asia and America; the occur in the E«t ludUa, 

both for the beautiful flowers (the sweet perfume of which depends on the 
presence of an easeiitial oil) and the peculiar flavour of the foliage, re- 
sembliiiff that of the cucamher. 


t^ANCOACK^E is an Order composed of Cliilian herbs with the habit of 
Saxifrafres, and flowers 4-nierous throughout calyx, corolla, stamens (in 
several circles), and carpels. Some authors consider them nearest to 
Saxilragacefe, with which they are conihined by Jlentliaiii and Hooker ; 
otliers to Orassulacefe, others to Hosaceje ; Lindley believes their nearest 
affinity is to Droseracete. — Genera: Francon, Cav. ; TctMa^ 1)0. 


CliASSULACTE.E. The 8tone-cb()p Oiipek. 

Dm/nosis . — HiicciileDt herbs or low shrubs with porhctif sym- 
metrical flowers, the jxdals and pistils (xpialling the sepals in 
iminber and the stainuiis as many or twice as many : peri- 

sperm fleshy or nojie. 

Character, 


Thalamus mostly flat. Cah/.r free, mostly .5-part-(?d, rarely 3-10- 
])arted, imbricated in tlu^ bud, persistent. Corolla ; petals as 
many as tlio lob(;8 of the calyx and alternate wilb them, distinct 
or united below, emerging from the botfom of the calyx, iinbri- 
cateci in aistivatioii. I^lahuus as many as the pfdals and alternate 
with them, or twice as many (iji 2 circles), I’n'c. or adherent to the 
(coherent) pel als. Ovaries: carpels in a circle, as many as the 
petals and opposite to them, often with a glandular scale at the 
base outside, distinct or more or less cohiTent ; placentas at the 
ventral suture; styles distinct; stiymns on the inside. Fruit: 
a circle of dry follicles, or a capsule bursting at the dorsal sutures 
or by the separation of the walls as valv(*s from the septa; seexh 
varying in number, very small; embryo in the axis of fleshy 
perisperm. 

Illustbative Geneba. 


Suborder 1. Cbassule.®. Frtdts 
follicular, 

TillflBa, Mich. 

Orassula, Haw. 

Bryophyllum, Salish, 

Cotyledon, DC. 

Seduni; X. 


♦Seuipervivum, X. 

Suborder 2. Diamokphe;e. Car- 
pels coherent into a plurilocular 
eapsfih, 

Diamorpha, Nutt, 

Penthorum, X, 
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AfllnitleR. &o , — The floral formula is S 5 PS A 5-f-5 G 5. This Order 
is nearly related to the Saxifragaceje, especially by tlie genera with 
capsular fruit ; and on the other hand to I^aronvchiaceaj and Caryo- 
phyllaceas. They are remarkable for their siK^ciileiit foliage, possessed 
of a power of subsisting almost entirely on almospheric elements, and 
resisting obstinately the influence of heat and drought. They are ex- 
ceedingly tenacious hf life ; and liryoplnilhiiii is celebra ted for the aptitude 
of its leaves to prodiun) adventitious buds when separated and placed in 
favourable circumstances. The symmetrical construction of the flowers 
is likewise interesting to the botanist, and has been dwelt on in the 
Morphological Part of this work. The ilouseleek, l^iempervmim tectorum^ 
occasionally produces monstrous anth<‘rs, with ovules in place of pollen. 

Distribution. — Generally found in extrntrojucal regions, in ver}' dry 
situations, and especially abundant at the (hipe of Good Hope. 

Qualities and Uses. — Tlieir ])roperties are mostly nuimportant. Siedum 
orcrc, tluj C(nnmoii yellow Jliting Stone-crop of our walls, is so called from 
its acridity, and is said to be emetic and jairg-itive. Some are eaten; 
others used as refrigerants. (JoUjlcd^n Umhilivus has been used in epi- 
lepsy. 


PARONYGiriACE/E on TLLE(^10nRAOE/E are herbs or shrubs 
with mostly opposite hntves and ofhui searious stipules, minute flowers, 
with 5- or inori^, I’arely »*•>- or 4-iu(U*ous calyx ; jx.'tals small or absent ; 
stamens on the calyx, 1-10; ovary 1-, rar(‘ly •l-e(‘ll(‘d ; ovules numerous 
on a free central placenta, or solitary on a long funiculus from the base of 
the ovary. Seeds perisperiuic ; embryo curved. 


Illustbativk Gknkha. 


Suborder 1. PATioNyciiiEJE. With 
scariom stipules ; stamem mjierposed 
to the sepals. 

Paronychia, Juss. 

Illecehruin, Gcertn. f. 

Spergula, L. 


Suhord. 2. Sc lkuantheje. With'- 
out stipules ; calyy iriih an indurated 
tube ; petals none ; stauiens S'uper~ 
posed to the sepals. 

Scleraiithus, L. 

Suborder .‘h IMolluginkje. Sta- 
mens alternate with the sepals when 
equal; if fewer ^ alternate with the 
carpels. 

Mollugo, L. 


Affinities, Ac. — This Order consists of upwards of a lumdred species, and 
«uiy be regarded as a degeneration of (hirvophyllacoa), from which they 
clifler in the possession of stipules, the thiu petals &c. forming a transi- 
tion to the npetalous Chenopudiac€>a^ and Amaranthacem. They are also 
nearly related to Portulacacea^, diflering from some of the genera of that 
Order only by the position of the stamens opposite the sepals. Some of 
them are succulent, like the Orassulacea\ but are distinguished by the 
structure of the ovary. By Bentham and Hooker they are included m the 
Chenopodal cohort of tlie Apetalae. They are mostly valueless weeds, 
abounding in barren sandy tracts throughout the tempemte regions of the 
globe. 
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PORTULAOAOE^ are lierbs with succulent leaves and regular un- 
symmetrical flowers (sepals fewer than the petals) ; sepals 2, rarely ;3 or 5 ; 
petals mostly 5 or 0 ; stamens variable. Capsule 1-5-celled, with few or 
many seeds on long funiculi from the base, or on a free central placenta j 
embryo curv^ed ; round floury nerisperm. — Illustrative fxenera : Tetrcujonia^ 
L. ; Atzoon, L. ; Portulaca, Tournef. ; Talimim, Adans. ; Cla^tonia, L. j 
Montia^ Michel. 

Affinities, &c. —This Order, as here regarded, has various relations, and 
is not well deflued. It approaches very closely to Oaryophylhic^offi through 
Paronychiacese, but may be distinguished by the 2-parted calyx and the 
number and position of the stamens. Like Paronychiaceje, the mtmihers 
of this Ol der are nearly related to the proper apetaloiis Orders, Olnnio- 
podiaceie &c. Inudley separates the TihuigojiiecB, AizoidefPy and Sesunem 
in an Order called TotragoinaceiC, difleriiig from l*ortiilacaceiB in their 
apetalous flowers, niultilocular ovary, and distinctly perigynoiis stamens. 
Portulacaceie would tlms he defined chiefly by a 2~sepalous calyx, hypo- 
gynous or rarely perigynous stamens, and 1 -celled ovary. Benthani and 
1 looker refer the 'J\^tragonieR? to Meseinbryanthaceie, from which they 
ditter in their apetaloiis flowers. Porlukwa is exceptional in its partially 
inferior ovary and perigynous stamens ; Jieuco the Order, as a whole, is 
considtired by Benlham and llotiker to IxOong rather to fhi^ 'ihalainiflonu 
than to the Calycifioric. The plants of this Order are generally diffused, 
in waste, dry places. PortuUtca olrracaaj Ihirslane, is an old-fasliioned 
pot-herb ; others are used in tin? same -way. TvtnNjonia furnishes 

New-Zealaud Hpinach. ClayUmia Uiherom has an edible tuber. Many 
have showy but cplumieral How'ers. Levnmi rcdivim (Oregon) has a 
starchy root, used ns food under th(^ names of spatulum or spietliim and 
racine amhr ; it is pungent and aromatic when raw\ 

MESEMBIIYANTIT A(ThE on EKXJTDILK are shrubby or succulent 
herbaceous plants, with opposite simple leaves: sejials definite; petals 
very numerous ; stamens indelinit(‘, perigynous; ovary inferior or almost 
superior, many-celled or J -celled; ovules uumoroiis, attached by cords 
to a free central placenta or to axile placentas, or to parietal placentas 
spreading over the back of each cell; seeds numtuous : embryo curved or 
spiral, on the outside of mealy perisperm. — lllustrativti Genus : Mmem- 
hrymithemam^ L. 

Affinities, &e. — These plants are very nearly reflated to lk)rtula(!acefe and 
I’arouvchiacefe. From the former they differ in tlu^ parietal, not free 
central placenta, from the latter in the position of the stamens, m any- 
celled ovary, and dehiscence of the capsule. The structure of the ovary 
is curious, presentiug very diflerent conditions in diflereut members of 
the Order ; probably it is somewhat analogous to that of Cucurbitaceje, 
and the diverse positions of the placentas depend on the degree of involu- 
tion of the carpels and the disruption of the septa. Thti parietal placenta, 
together with the presence of numerous petals, serve to indicate a rela- 
tionship to Cactacese. J3enthain and Hooker refer to this Order Tttra- 
(see Portulacacefe) and Molhiyinetp (see I^aronychiacefie). The 
plants are remarkable for their succulent foliage, accompanied sometimes 
by water-vesicles or pseudo-glands on the epidermis, whence the name Of 
Ice-plant applied to Meserribryanthenntm cnjstallinum* Tlie ripe capsule^ 
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are very liygrometric, the valves opening when wet and closing when dry. 
It is a rather large Order, of which the majority belong to the ^ndy tracts 
of the (^ape, but a few are found in South Europe, America, China, and the 
South Seas. The foliage of M, edule (Hottentots’ fig) is eaten at the 
Capo ; M. (tmarcidum acquires nai*cotic properties when fermented. 
Several are bunit for the soda-ash in Egypt, Spain, &c. The seeds of 
some yield a kind of flour. 

PArAYACE-hl are trees or shrubs, sometimes with an acrid milky 
juice, alternate, lobed, long-stalked leaves, and diclinous, sometimes herma- 
phrodite, dichlamydeoua flowers, klale fl. : — calyx free, minute, with 
o teeth ; corolla sympetalous, with 5 lobes; stanieiis definite, epipetaloiis. 
Eemale fl. : — l*etals ; corona filamentous or fimbriate, sometimes none; 
ovary fn^e, l-(*ellod, with o-o iiiany-seeded paricdal placentas; fruit suc- 
cuhuit or dehiscent; embryo in Die axis of fh^shy jierisperm. — Illustrative 
(T(mora : Varioo, Jj. ; Modecca^ L. ; Ceralodri/os, Nees. — The present Oi’der 
stands near to ( ’uciirbitacem and to Passilloraceje, differing, however, in 
im]>ortant respects from hoth, — since the former have an inferior ovary 
and aperis])(*rmic. solids ; the latter, hermaphrodite flowers and a charac- 
tiiristic coronet arising from tlie tube of tlie flower, of a difilirent nature 
to the staniinodfis or sterile stamens of tlie present group. Bentimm and 
Hooher include it under Dassifloraceai. — I’he J’aiiaw-treii, Vnrim Vapaya^ 
has a succulent fruit, edilile wIkui cooked, but the juici? of t he unripe fruit 
and the seeds {ip])ear to bi* very acrid. C. diyitutn (Brazil) is regarded 
as a deadly poison, and its juice Idisters Die skin. The spe.icies of 
Carica are natives of South America, the other genera are East-Iudian or 
AlVi<;an. 

Pancjiaok.t^ are an Order of arborescent plants closii'ly related to 
Pa])ayac(.‘a), didering cbiefly in being polvpeluious, and by Die female 
flowers having scales in the throat; the nuinlx'r of parts in the floral 
circles also appears more variable. They constitute a Tribe of Bixaceie 
in the ^ Plantarum ’ of Bentham and Hooker. — They are poisonous 

plants found in the hotter parts of India. Ilydnocarpus vomnatm is a 
native of Ci^yloii; its fruit })roduces dangerous intoxication. The seeds 
of Pnayifwi are soim^times used, after boiling and (ixlraitliou with water, 
as a spice, but even then have cathartic properties. — Genera : Pmujium^ 
Keinw. ; Gymnocarpea, It. Br. ; Jlydnoccnpus^ Gjcrtn. 

PASSiFLOEA CE.E. Pass ion- F lowers. 

Coh. I^assiflorales, Beyith. et Hook. 

Diaymm — Climbing plants, rarely erect trees, with tendrils andfoliace- 
ous stijiules ; leaves and leaf-stalks often giuiidular ; flowers ].)erfect ; calyx 
/5-parted, with numerous filanieiitoiis processes springing from the tube 
of the flower (receptacle), iuside the petals; stamens 5, mouadelphous, 
adherent to the stalk of the 1-colIed ovary, which hitter is free from the 
calyx, and lias 3 or 4 parietal placentas and as many clavate styles ; fruit 
inostly succulent, stalked; seeds numerous, arillate; embryo straight, 
in thin fleshy perisverm. — Illustrative Genera : i^meathmannia, Soland. ; 
Pasfiiflora, Juss. ; TdrapathmUj HO.; Hilkea, Mast. 

AffiniUeB, &o. — This Order is general'.y associated with the Cucurbita- 
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ce£e, which it resembles in habit, and has a further affinity in the struc- 
ture of the ovary, the most marked dilierence being the hermaphrodite 
flower, superior position of ovary, and the presence of perisperm in Passion- 
flowers. The coronet or wreath of hliforni organs between tlie petals ajid 
the stamens, and the gynandrophore bearing the stamens and ovary, marie 
this Order out very clearly, and ordinarily its flowers are perfect; but the 
genus Tetrapathmi appears to connect it by a further link with (Jucur- 
bitacea 3 , since the flowers are there polygamous or even dicecious. It is 
closely allied to Samydacese, in which, how'ever, tliere is no corona. 
From* Turnerads it differs in the gynandrophore, and marcescent not 
deciduous petals. The relations to Oappaiidacc'm, Bixa(!efe, and Violacoie 
are also w^ell marked, and indeed its affinity to the latter Order is much 
closer than to the Cucurbits, wdth whicli it is usually associated ; the 
floral formula is the same. The coi*ona of l^assicm-flowers is an out- 
growth from the flower-tube at the base, of the ptdals. 

Digtrlbation. — Species numerous, mostly tropi(^al or subtropical; the 
greater part are South- American and West-Indian ; a few occur in North 
America, Africa, the J'^ast Indies, and Australia. 

Qualities and Uses. — 'J'he pulpy fruits of many sp(^cie8 of Passiflora 
(Gvanadillas), several Tacsoni(e, and of Paropsia rilul/s are eaten; but 
astringejit propt'rties exist iu the leaves, wliib^ the roots of Pamflora 
(pimiranijularis and the flow(U*s ol‘ P. rubra are nareotios. 'j’lie beaiity of 
tlnj flowers and foliage renders this Order a very lavourite one iu cultiva- 
tion. 


kCK3: consist of a few unimportant heibs or low shrubs, 
natives of Chili and l\*ru, re.seiiilding Pas.^floraceai in the structure of the 
flowers ; but tlie coronet is merely a membranous ring, tlie styles arise 
from the backs of the carpels, and tJie seeds ari^ not arillate. Included 
as a tribe of the preceding* Order by JfentJuim and Hooker. 

\CEJE. Herbs or half slii’ubby plants, natives of the W(‘st 
Indi<‘s and South America, with 5-merous thAvers, dtarid nous con tori ed 
petals with no corona, and a 1-ce.lled sn})erior o\ary with .‘f parhdal 
placentas ; see<ls perisjK'nuic, w'ith a stropliiole or false aril. They appiuir 
lo form a link, through Malesherbiacejc, from the 1‘assifloracem ik.e. to 
parietal Thalamifloral Orders, such m C’istacea3. They lunu Ionic and 
aromatic properties. — Genera: Tmmora^ 1*1 urn. ; I^irtf/uetiif Aubl. 

Samydaceje form a tropical Order, chiefly of American plants, of 
poniew’hat doubtful place ; apparently they stand ne.are.st to Jlixaceje and 
the Thalamiflorfc with parietal placentas; however, they are apetalous, 
and the stamens are perigynous, which relate them to a dillerent set of 
Orders. One of their most striking peculiarities is the presence of both 
round and linear pellucid glands in the leaves. The bark and leaves of 
the plants are astringent, and those of species of Casearia are used in 
Brazil as febrifuge medicines. 

CUCUBB1TACE.E. The Cucumbeh Okdee. 

Coh, Passitiorales, Benih. et Hook. 

Diagnosis . — Herbaceous plants, mostly succulent, prostrate or 
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climbing, with tendrils ; leaves alternate ; flowers dioecious or 
monoecious ; the flower-tube adherent to the l-if-celled ovary ; 
corolla usually gamopetalous ; and the 3-5 stamens commonly 
more or less united by their often sinuous anthers as w^oll as by 
their fllaiuents. Fruit a ])epo, or, more rar<^ly, a succulent berry. 
Placentas confluent in the axis ; perisperm none. 

Character, 

Thalamm flat or concave, adherent to the ovary. Caly.v adherent 
in the female flowers, o-toothed, sometimes without a limb. 
Corolla of distinct valvate petals, or d-o-parted, sometimes 
fringed ; springing from the calyx, and with the? lobes alternating 
with those of the calyx, c?- l^tmuenH 5, springing from the 
corolla and alternate with its segments, more rarely 3 or 2, some- 
times free, moruuhilphous, or more l‘re{|uently triadelphous, with 
2 j)airs and 1 odd one : aidhers 2-ce]](‘d, usually long and sinuous, 
or bent upon themsches laterally (lig. 38»3), sometimes straight, 


Fig. 382. 



Pig. Peraale flow<^r of CuctirbHa. 

Pig. Btaminal (;olunin of mah* flower of Gourd. 
Pig. asi. Btfiction of th*5 fruit of the Cucumber. 


free, or combined. 5 . Ovary inferior (lig. 382), 3-celled ; usually 
with 3 placentas placed parietally, but on the involute nuirgins 
of the carpels so as to meet in the centre (fig. 384), sometimes 
with 2 placentas and 2 erect ovules, or l-celled with a solitary 
pendulous ovule : style short ; stkfrnas thickened, papillose, lobed 
or fringed. Fruit more or less succulent ; a pepo with a firm 
rind, or a juicy berry with a thin skin ; seeds mostly flattened, 
with a succulent or membranous coat over the leathery or homy 
testa, wdiich presents a marginal ring or keel ; embryo flat, with- 
out perisperm. 
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Illustrative Genera. 


Series 1. Plagiospermk^. Omles 
horizontal. 

Feiiillaea, L. 

Bryonin, L. 

Citrullus, Neck. 

Ecbaliuiii, L. C. Rich. 
Momordica, L. 

Ciicumis, L. 

CucLirbita, L. 


! Series 2. Orthospeemeas. Ocaks 
erect or ascmdiny. 

Trianosperaia. 

Elateriiim. 

Series 3. Cuemosperme.®. Ovules 
pendulous. 

Sieves, L. 

Sechium, P. Br. 


Afflnltle*, &c.— The CucurbitacesD, divided as above into 3 series, are 
still further divided bv Hooker into 8 trib(^s according to the niiniber of 
the stamens, the form ot the authors, the nature ot the placentas, and the 
number of the ovules, &c. They form a very well-detined (.)rder, but 
have atfinities of a veu'y diversiticul ranj^e. The habit and the placenta- 
tion ally them closely with Passitloract^a*, from which they diti'er, how- 
ever, in the position of the ovary, the unisexual dowers, the peculiar 
structure of tlie anthers, and the want of perispenn. Their nearest rela- 
tions amouf? the epigynoiis Orders, after Begoniacem, aj)pear to be the 
Loasaceie, throuj»‘h (rronovia^ which agTees in its climbing habit, and 
coiiK^s m'ar the Sicyefc. In the structure of the ovary and seeds and the 
position of the stamens there is a certain approach to the polypetaloiis 
Onagraceai!, Myrtaceue, kc.y and, further, to the inonopelalous Campanu- 
lacefe. Again, the diclinous condition and the structure of the ovary 
connect them with Pai)ayacea>. This Order presents a number of points 
of interest as regards structure. The tendrils appear here to be partiaJly 
metamorphosed leavxss, while their base is constituted, of an abortive 
branch ; but tli(;y have been referred by various botanists to leaves, sti- 
pules, peduncles, branches, and even roots. Their position by the side of 
the leaf is very curious, and accords with Warming’s suggestion that the 
tendril is an extra-axillary branch, arising as it does from a fiat cellular 
outgrow'th outside the leaf-axil. Warming also describes the following 
Structures as emerging from the axil of the leaf in many Cucurbits: — 1. 
A terminal d* or J flower; 2. A leaf-bud; 3. An inflorescence homo- 
drornous with the principal axis, antidromous with the leaf-bud. In 
Thladiardha duhia^ according to Dutuilly. the tendril and the male flower 
replace one another morphologically, b<dng never found together, but the 
one always in the place of the other. The andrtecium of these plants has 
been considered to consist of live stamens, with unilocular anthers, united 
into three parcels ; but by others it is asserttid that these plants have 
three stamens, two with two-celled anthers, and one with a one-celled 
anther. Traces of the abortive stamens may, however, be detected in the 
vascular bundles, so that the typical structure of the andrcecium is pent- 
amerous. The construction of the ovary of the Cucurhite<B is remarkable, 
the sides of the carpels being inflected "to the centre, and then rolled in 
further upon themselves until the marginal placentas are brought back 
nearly to the circumference of the fruit ; hence, although termed parietal 
placentas, they are rather an excessive case of the inflexion which ordi- 
narily produces axiie placentas. The form of the fruit is varied ; the pepo 
assumes almost eveiy modifleation of globular, oval, bottle-shaped, sausage- 



274 


SYSTEMATIC BOTANY. 


like, or even snake-like form ; some kinds are dehiscent : in Behalmm it 
hursts by separating from its peduncle and expelling the seeds with 
violence through the orifice ; in Momordica and others it hursts irregu- 
larly ; in JSlaterivm it hursts hy two or three -calves at the summit ; and 
in some species of Luffa an orifice is formed nt the top hy the separation 
of the scar of the cfdvx. In Si‘cMum the pepo contains only one seed, 
which germinates within the fruit, and never separates from’ it, so that 
the fruit resembles a thick root-stock. 

Digtrlbutlon.— -A considerable Oixier, the species of which are chiefly 
natives of hot climates, especially abounding in the Easl Indies, hut some 
found almost anywhere ; Unjorna dioiva is the only British species. 

Qualities and TTses. — The majority of the plants of this order are to he 
looked iiptm as suspiciouH, from tlie prevalence of a pur{ 2 fitive propcn’ty, 
sometimes very \iolent, sometimes slight, and apparently liable to affe’ct 
particular constitutions more strongly than others. Some kinds may he 
reckoned as poisons, while otliers, especially when cultivated, although 
they retain hL\ati\e qualities, In^come iiiiioeuoiis. Among the deeided 
purgatives, Kvhalium a<fvesi<>^ the (lri(‘d juice of the fruit of v\hich furnishes 
•‘JOlatoriuin,” is one of the most diastic agents known. Ooloeynih is the 
extract of the pulp oi Coloct/nfhis ; the fruits of several species 

of Liffa and J.m/ntanu ar(‘ stronj>l> j)urgativ(‘ ; the roots of the various 
species of Jiryonia are actmdy eutliartie ; and the sanu' (pinlity resides in 
the seeds of FeuilUm cordifoha, kv. Some otlier p]iu)U of the Order share 
this quality, although tlie «(eds are gem'rally Jjaiiulo^s. 

On the other hand, the niild(‘r speek's fuiui^li fruits highly t'sleemed 
either as fiiiits, for their delicate Ihuouriu their flesh state, as in tho 
3Ielon and the Oueumb(‘r, ()r ns pot-herbs, irom tlie sueeulent, bland, 
pulpy substance of the uririjie or npi* fruit, as of the (lourds, Cantmis 
A/e/o is the common IMelon; Cuvuuu^ sa finis \h (he (hjcnndx'r ; Vucyr- 
hita r/Vn/Z/w^f is tho Water-melon; Cuno'hlta l*vpo is llu' White Oourd, 
C. muAima the lied (lonrd or Pninpkin ; the Vegetnhle-marrow is a 
variety of C. l\po. The Snake-gourd, Trlrhosmilhcs am/ylua. is eateti in 
India,’ also many othm* species of Cneurhit lei'ons plants/wJiieli appear to 
become much n’lilder under eulti>ation. 'r'lefluif of Sirhium nhdvi^ also 
eaten in hot countries. The seeils an* oily; some are harmless, as those 
of Ti'lfaina pednto tAfriea), wdiich are said to be as Jargi* as chestnuts, 
and are eaten like almonds, and the oil expr(*sst‘(l. The jnilp surroundiiig 
them is very bitter. 


BE(^0N1ACE^E (Elephant’s E vus) an* lierbaceous plants orlowsiic- 
culeut shrub*' with an acid juice ; leaves alternate, oblique nt the base, 
with large scarious stipules ; flowers momeeious ; sepals coloured, those 
of the haiTcu flowers in two pairs, deeu.ssating; those of the fertile flowers 
5, imbricated, or 8; stamens indefinite, distinct or coherent in a column ; 
anthers clustered ; ovary inferior, I^ccIUhI, with fl di8S(‘piinental placentae 
meeting in the axis; stigimia .*1, sessile, 2-lobed; fruit capsular; weds 
aperispermic, with a thin reticulated testa.— lUustmlhe (lenera : Few- 
ma, L. ; llilkbrandiay Oliv. 

AJntinies, &o. — The relations of this interesting and numerous Order 
have been Nariously conceived by diflereut authors ; but they appear to be 



CAtrCIFLORJE. 


275 


near Oiicurbitacese, the so-called parietal placentas of the latter being 
rather an excessive form of the double axile placentas of such plants as 
Diplodimum, and the placentas of Mesiena are described as parietal. HiJn 
Mn'andia has nearly regular Howers, and the ovary opeuis at the top as in 
Meseda. It confirms the relationship to Dati scads. Begonieda has a bell- 
shaped gamophylloiis perianth and definite stamens. — They are natives 
chiefly of India, South America, and the West Indies, and are much culti- 
vated for their beauty ; the oblique or unemial -sided leaves are chameter- 
istic, whence thev are sometimes called Elephant’s Ears. JNlany Bego- 
nias are reiiiarkahle for tlie production of adventitious buds in great 
numbers from various parts of their surface. The roots appear to be bitter 
and astringtmt, sometimes purgative. B. malahaiica^ tnbvrom^ and some 
others are used as pot-herbs. 

I1ATI80A(.^R.K are diclinous apotaloiis herbs or trees, with alternate, 
exstipulate, simple or compound leaves; hanu'u flowers witJi a ^1-4-1116- 
rous ])erianth, and o-7 stamens ; fertile ones witli an adherent »*I-4-toothed 
perianth, a 1 -celled o\ ai*y with o-4 many-seechal parietal placimtas, and 
a dry fruit opening at the summit. — Tlu'v consi.st of a few species very 
wiflely scattered. Datixfui vamuddna is found in tlu* south-east 2 )art of 
Eurojie, and lias bitter and j)iirgative properties. The Order appears so 
nearly related to Ouciirbitace.-u, Iiegonia(U‘.,'e, and Loasacea',, that it is 
undesirable to place it among the 3Iollochhlm^ dem. 2). vaunahina is re- 
maiiiahle as affording one of the e\am]>les of a t(md»mcy of f hc! female 
fl(>wers of di(eci(uis plants to mature seeds wit hojit ijupregnalion ; this 
phenomenon lias be^m obs(*rved frequently in Vaiohogyne and Merourialis 
among the Jtuphorhiacem and in Cminahis; but som(( isri-or of observation 
is to be suspected in theses cases. Tctramdi-H is a large tree, the rest are 
herbs. — Oenera : Dafisca, L. ; 'fetrewte/r-Hy U. Jlr. ; '/'n'ceradea, Presl. 

is a small Order (»f troyiical trees or slirubs with inferior 
ovaries and parietal pbieeiilas, relal<sl on llie one liand to EassiHoraceai, 
on the otlier to Loasm’.ea*. and Cactac.eai. TJiey aie includ(‘d in Sarnyda- 
ceai by l{entliain and Ihxdier; some of them have been introduced into 
cnlth at ion on account of their foliage ; the flowers are small. — Oenera 
fij Jacq. ; Blackwiillia^ Comnier.s., tScc. 

LOASACE.E comprise herbs, sometimes hispid with stinging hairs ; 
leavt'S opposite or alternate, without stipules ; calyx adherent, 4-5-parted ; 
petals 5 or 10, in 2 circles, often cucullate; stamens numerous, free or in 
bundles, adherent to the petals, often intermixed witli staminodes or 
abortive stamens ; ovary adherent, 1 -celled, witli sevcu’ol parietal placentas 
or 1 central ; ovules pendulous ; seed with a loose testa ; embryo in the 
axis of fleshy perisperin. — Illustrative Genera : Mndzvlia^ L.; Bartonia, 
Sims. ; Ijomdj Adans. ; Blmnenhaeliia, Schrad. ; (ironoviuy L. 

Affinities, &C. — A small Order. The genus Gronovia, ^lih. a climbing 
habit, connects this Order with Cucurhitacem, especially those with a 
single seed ; but in the latter Order the seeds are aperispermic. It is 
likewise closely related to Cactacete, differing importantly in habit only 
from some gencira. With Ilegoniads it agrees in the character of the seeds. 
A further affinity exists to the epigynous Order Onagraccae ; and among 
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those 'With a free ovary, Malesherbiacese, Tumeracefe, and Passifloracefe 
exhiMt some points of agreement. — ^They are natives of the warmer parts 
of America ; out one occurs in Arabia and tropical Africa. They are 
principally remarkable for their stinging hairs, which produce more 
violent irritation than our indigenous Nettles. Mmtzella hispida has a 
purgative root. Lomaj Bartonia, &c. are often cultivated on account of 
the beauty of their flowers j but some of them are rendered less valuable 
by their stinging-property. 

OACTACE/E (Indian Figs) are fleshy and thickened, mostly leafless 
plants, of peculiar aspect, globular or columnar and many-angled, or 
flattened and jointed, usually with prickles. Flowers solitary, sessile ; 
the calvx and corolla soiuotinies 4-inerons, but generally undistinguishable 
and iml)ricRted in seY(u‘al spiral cycles adherent to the 1-celled ovary ; 
stamens indefinite ; placentas pari(‘tal ; fruit succulent ; seeds numerous, 
parietal or in tlie pulp, aperi.sp*rniic. 

Illustkativj-^ Genkra. 

Tribe 1. EcniNOCACXEii^. Flower- Tribe 2. Opentie.e. Flower- 
tuhe prolonged hepond the tu arp. iuhe not prolonffed bepond the ovary. 
Stem tuhercied or spiny ^ rarely leafy. Stem bra?irhrd, Jointed. 

Mammillaria, Ilmv. liliipsalis, (Tvertn. 

]<>.hinocactus, Link et Ott. Opuntia, Toarnef. 

Cereus, JIaw. Pt'reskia, Vlum. 

Affinities, &c. — These plants are gon(?rally distinguishable at first sight 
by the remarkable forms of their succulent sterns and the absence of true 
leaves; but this anomalous condition of the stem is not a decisive charac- 
ter, nor does it even carry with it indications of alKiiity, since we find it 
among Euphorbiaceoe, in’ SUtmdiece among the Asclepiadaecje, in Vitacem, 
and elsewhere. The ordinary forms scarcely require description ; but it 
must be noticed that the leaf-like structures of Fpiphyllnm Jtc. are flat- 
tened branches, and the leaves are repres'*nted solely by spines in tlie 
common kinds, eiicli tuft of spines representing an abortive shoot with 
undeveloped intemodes ; Fereskia, however, bears true leaves, sessile or 
stalked. The stems have a woody axis of tlje normal Dicotyledonous 
structure : the (4iief mass of the stem of the ])hylloid kinds is made up of 
the greatly developed cortical parencli^uua; but the globular and columnar 
kinds are very solid : tlie wood is remarkable for a pe(mliarly formed spiral 
thickening of its cells ; and the parenchyma of old stems is densely loaded 
with crystals of calcium oxalate. 

The relations, as founded on the structure of the fliiwers, are, perhaps, 
closest with Eoasacefe, and beyond them -Nvith the Oucurbitacem, with, 
however, many important points of difference from the last. There is a 
considerable resemblance in certain respects to MesembryanthacesB ; for the 
placentas of that Order and those of tlie present are apparently but slight 
modifications of a similar fundamental structure. Some degree of affinity 
exists between Cactacese and Kibesiaceae ; but the dicarpellary structure 
there and the perispermic seeds are important distinctions, and indicate 
a closer relationship of the latter plants to Saxifragaceae. 
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Distribution. — A large Order, the members of which are almost exclu- 
sively found in the hotter parts of America, especially in dry situations. 
Opimtia vulgaris is naturalized in South Europe and elsewhere. A species 
01 Ehipsalis occurs in Africa as well tis in Ceylon. 

Qualities and Uses. — A subacid juice is commonly present in these 
plants, whence some of them are esteemed m remedies in fevers ; the pulpy 
fruit of some is agreeable on account of this quality, in others it is insipid 
and mucilaginous. Cattle are said to bruise the trunks of some species 
with their hoofs in order to browse on the succulent parenchyma. Opuntia 
vulgaris is the Prickly Pear, the fruit of which is esteemed in the south 
of Europe and America. The fruit of O. Tuna yields a carmine pigment ; 
that of Pcreskia aculeata is called the liarbadoos Gooseberry. O. coccinel- 
liferuy the Nopal plant, is celebrated as forming the habitation and 
sustenance of Coccus Cactiy the Coc.hineal insect. Cereus grandijlorus^ 
C. ngciicaltis, and some others are noted for opening their magniticent 
flowers at night : these and many otlier species of this and other genera 
of the Order, such as Fpiphylluni^ Vhglhcactusj Mhipsalis, iVcc., are highly 
valued in cultivation for their showy llowei*s; and the globular, columnar, 
and angular steins are not less remarkable, on account of their strange 
appearance. 

E JBESIACE^: on GE()88ULAEIA(^1^. E (Cuerants) are low shrubs, 
sometimes prickly, with alternate palmately lobed leav(*8, a 5-lobed calyx 
inseparable from tbe 1-celled ovary and lioariiig 5 stamens alternating with 
as many small petals. Emit al-c(*lled, inhu’ior berry with 2 parietal pla- 
centas. 8eeds numerous, imbedded in pulp ; embryo minute, in abundant 
horny perispenii. — These jilants were formerly associated in the same Order 
with CnctacejE ; but their structure dilhu’s importantly, and approaches 
so nearly to that of Saxifragacem, that Polgosma is placed among the 
EscalloKtexe by some authors, and in this Order by others : the succulent 
fruit and the uoruy perispenn are almost the only criteria, since the pla- 
centas are parietal in some Escallouivoi. By Beiithara and Hooker this 
Order is included under Saxifragactae as a distinct Tribe. — The plants 
occur in cool or shady localities in tlm temperate regions of Europe, Asia, 
and America. The agreeable acid fruits form the most strildng character 
of this Order. The Gooseberry {It Grossulnria), the Black Currant (It 
nigrum) f the Red and White Currant (It ruhmm) are the most valuable 
kinds. The Bhick CuiTant is remarkable for the aromatic glands, which 
give a stimulant property. All contain malic acid. Other fruits of the 
Order resemble these, but are commouly either tasteless or excessively 
acid. Several species are showy garden shrubs, as R. aureutn, R. co<y 
vineumj &c., in which the calyx is brightly coloured. 

HAMAMELIDACE/E (Witch -Hazkls) are shrubs or trees, with alter- 
nate simple leaves and deciduous stipules; flowers in heads or spikes, 
often polygamous or moncecious ; calyx adherent ; petals narrow, valvate, 
involute or circinate in the bud, or absent ; stamens twice as many as 
the petals, half sterile and scale-like, or numerous ; pistil of 2 carpels, 
forming a 2-celled ovaiy, with 2 styles ; ovules solitary in the cells or 
numerous j fruit a 2-beaked woody capsule with 1 seed in each of the two 
cells, bursting at the top ; seeds perispermic, 
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Illustbative Genkba. 


Tribe 1. IlAMAMELKiE. Dichla- 
mydetms; ovary with 1 suspended 
ovule in each loculus, 

Hamamelis, X. 

Tricliocladus, Pers, 

Tribe 2. Fothebgille^e. Mo- 
nochlamydeous ; orary m in Tribe 1. 
Fotherprilla, X. f. 

Parrotia, C. A. Mcy, 


Tribe S. Altingie/b. Calyjc 
often rudimentary ; ovules several in 
each loculus of the ovary, 

Liqiiidambur, X. 

Bu(;klandia, R. Br, 
llliodoleia, Champ, 


AfllnltleB, &c. — Lindley makes Liquidomhar the ivpe of a distinct Order, 
Altingiacesti, associated with the Aiiieiitiferoiis Ordci-s ; but the relations 
between the {genera ab(jve noted appear opposed to this. The flowers may 
be regarded as indicating an aberrant form, standin<> near Cornacem, from 
which they difler in their pej'igynous stamens, their multiple stylo, alter- 
nate exstipulato leaves. Sic. They are also connected by liruniacem with 
the Urabelliler.ne, They approach closely to the 8uxifragt\s, but have 
wood-cells marked with glandular dots and a large (not small) embryo, 
besides other points. The species are not nmneroiis, but are widely 
diffused. Tho petals of Hamumclis are circinatt^ in fTstivatioji. — Various 
Liquidmnhar yitddth(‘ pungenti’esin called Stoi’ax. X. styraeijiua 
(iVorfh America) is an orriannmtal tree, the hfindsonn^ /5-fid leaves of 
which tuin red in auf umn ^ its resin (jontains much benzoic acid. Most 
of the ‘liquid Storax ’’ of coniinerce conu's from the East, probably from 
L, orientah in the L(n’ant, and X. Altinyia in the Malay Islands. The 
bark of these trees is also acrid and bitter. 


:JE is an C>rdor of Ileatli-like shrubs, mostly found at the 
Cape of Good Hope, of unknown properties ; in structure apparently con- 
necting the Hamamelidac-em with the Emhellifeiw, having an epigyuous 
disk, and the heads of dowel's sometimes surrounded by involucral bracts ; 
but the petals are valvate. Idiey Iiavo some degree of affinity to Myrtacese 
also, thus bringing these into relation with the Caprifoliacese ani allied 
Orders. — Genera ; Brunia^ L. ; Sfaavia^ Thunb. 


UMBELLIFEli.E on APIACE^. 

Coh. IJmbellales, Benth. d, Hook, 

Diar/nosui, — Herbs, generally with fistular stems, alternate ex- 
stipulate leaves sheathing at the base, and generally deep! y divided ; 
the regular hermaphrodite flowers in umbels ; tlie tube of the calyx 
completely adherent to the ovary ; the o petals and 5 stamens 
springing from the disk crowning the ovary and surrounding the 
base of the 2 styles (fig. 385) ; the fruit consisting of 2 separating, 
seed-like, dry carpels. 

Character, 

Thalamus concave, forming with the base of the calyx a tube 
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(flower-tube, calyx-tube) adherent to the ovary. Calyx limb 
S-toothed, ring-iike, or undistinguisbable. Corolla : jyetah 5, 
distinct, springing from the outside of the fleshy disk, mostly 
indexed at the point, sometimes bifid, often unequal in size. 
Stamens 5, alternate with the petals and emerging with them, in- 
curved in the bud. Ovary inferior, 2-celled, composed of 2 
coherent carpels, surmounted by a double fleshy disk or stylopod^ 
from which project 2 divergent styles ; stiymas simple ; ovules 1 
in each cell, pendulous. Fruit consisting of 2 seed-like halves 
(merkarps) separating at the commissure, remaining attached 
above to a forlced carpophore (fig. 388), which was previously 
enclos(id between them ; each moricarp an indehiscent 1-seeded 
body, with the pericarp developed into longitudinal ridges (juya), 
5 primary and sometimes 4soeofidary, with intervening channels 
(vallec/tUai), in which often exist lines of oil-bearing tissue called 
vittiv ; embryo in the base of abundant horny perisperm. 


Fig. 38(1. 



Fij;. liSn. Vertical section of the flower of I'(xnicul um. 

Fig. 386. Cro.«w section of tb«- fruit ol Dauews. 

Pig. 387. Fruit of A%ithri*cuH. 

Fig. 386. Bipe fruit (mericurps) of Conium se]>aratiDg from the carpophore. 


Illustrative Genera. 


Serie.s 1. Heterosciadije. Um- 
bels generally simple ; vitUe novutn 
Ilydrocotyle, Toumef, 
Muliniim, Pers. 

Sanicula, Toumef. 

Astrantia, Toumef. 

Eryngium, Toumef 


Series 2. Haplozyoijb. Umbels 
compound; primary ridges of fruit 
ahne conspiemm : vittce rarely absent. 
Ecliinophora, L. 

Conium, L, 

Cicuta, L. 

Authriscus, X. 
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(Emnthe, Lam, 
^^thusa, L. 
Angelica, Hoffm, 
Ferula, L. 
Tleracleum, L, 


Series 8. Diplozygt-®. Umbels 
compowul ; fruit with both primary 
ami secondary ridges well marked. 
Coriandrum, L. 

Daucus, L. 

Thapsia, L. 


Afliniti« 0 , &c. — The floral conformation may be thus expressed : | S 5 

P 5 A 5 G 2. The aiTangeraent of the genera above given is that of 
Beiitham and Hooker, who greatly reduce the number of genera cited by 
other authors. By Be Candolle the Umbellifers were grouped under three 
Suborders : — 1. OHhospej'mea? ; perisperm flat on the inner face : 2. Campy- 
Utspcrmece ; perisperm involiit<‘., with a vertical groove on the inner face : 
8 . CodospermefP ; perisperm infiexed above and below, 'fhe plants of this 
very extensive and important Order are in general readily recognizable 
by their inflon^scence and listuhir stems; but these? characters are not 
always present, even in the indigenous forms ; and it is instructive in this 
respect to examine the genera Sanu^da and Ilydrocotylc, where the umbels 
are little d(?veloped, and Lryngiuni^ where the flowers are sessile and the 
involiicral bra(;tsso much develoiw^d as to give the umbfds the appearance 
of the capitula of Composites. Tliese deviations from the ordinary habit 
are still more striking in some of the exotic genera ; for Ilorsfieldia^ a 
Javan form, has capitulate heads arranged in panicles ; and Bolax, an 
.\ntarctic genus, grows in a tufted msmuT, with imbricated leaves and 
nearly sessile umbels, so os to assume the outward appearance of some of 
the alpine species of Androsaev. ][n some of the gt>nera the leaves are 
entire, or the stalk of the leaf expanded into a blade-like form {Buplmrujifiy 
Eryngium'). The essential charact(?r of the order lies in the fruit, by 
which they are known from all other plimts. The form of the fruit, the 
structure and arrangement of the ridges and vittm upon the pericarp, 
together with the form of the perisperm of the seed, and the characters 
presented by the inflorescence, furnish the characters by which the Order 
18 subdivided ; the latter character, although formerly regarded as primary, 
is now found to be too inconstant for that purpose. 

The relations of the TJmbelliferae ai’e closest with the other epigjmous 
Oalyciflorm with definite stamens, especially Araliacem (from which their 
fruit differs), the llubiacem (which have sympetalous corollas and op- 
posite leaves and interpetiolar stipules), and the Cornacefe (where the 
leaves are partly opposite, the flowers tetramerous, and the fruit succulent). 
Tn habit, as well as in dicarpellary structure, some of the TTmbelliferse 
approach the SaxifragacesEi. The resemblances to Geraniacese seem 
rather superficial : the carpophore is of very distinct (haracter. 

Distribution. — Abundant in the northern and central parts of Europe, 
Asia, and America ; common upon the mountains of warmer regions, and 
again met with in the Southern hemisphere, but chiefly as dwarf and 
aberrant forms. 


Qualities and Uses. — Several distinct classes of active secretions occur 
in the plpts of this Order, which in some are extremely powerful, and in 
others slightly developed. The most important consist of acro-narcotic 
poisonous substances in solution in the watery juices ; the second are 
gum-resinous substances, and becoming milk}" when exposed to the air • 
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and the third are aromatic oils especially developed in the vittm of the 
pericarps. Many have the watery juices innocuous and the p:uin-re8inou8 
secretion mild, so that they become esculent vegetables, which are ren* 
dered still more bland when they acquire a more succulent condition under 
cultivation. The absence of light has a remarkable effect in preventing 
the development of the aromatic principles, as is seen in blanched garden 
(yelery and other cases. 

Fig. 380. 



The Hemlock (Conium ‘maculatv.m). 


A number of the poisonous kinds are indigenous, one of which, Omium 
maculatum, Hemlock (fig. .S80), is in use in medicine as an anodyne. JElhma 
Fool’s Parsley, is a common weed; Circyta wosn, AVater 
Hemlock, is not uncommon ; C. maculata of North America is equally 
poisonous ; Qinanthe crocata. Hemlock Dropwort, (E. Phellandrhmiy and 
other species are noted as poisonous, although they lose the property under 
certain circumstances. Anthriscws sylvestris and vtdyaris are said to be 
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pqisqtHO^ AiJddents occur from tke resemblance of the foliage of these 
plants to Paredey, an< . of the roots of (Emntlke and others to Parsneps. 
MydrocMple asiakoa is used in cases of leprosy. 

Xhe plants fumiahirg the antispasmodic gum-resins are mostly natives 
of warmer regions thaa the poisonous kinds, and some doubts exist as to 
the exact species which yield certain of these substances. Asafoetida is 
believed to oe derived from Narthex Asafoatida and Scorodosma foetida. 
Ferula orientalis (Morocco) yields an analogous resin. Sagapenum is 
supposed to be obtained from another species of Ferula. Gum Am- 
moniacum is from a Persian plant called Dorema Arnmoniacum and 
Dorema gummiferttm. Opoponax is the resin of Pastimea Opoponax 
{Opopoiiijuv Vhironuyn). The source of Gum Galbanum is supposed to be 
Ferula galhanijiva and ruhricaulis. 

The liavoiir of Celery {Apiion graveolmfl), Parsley {Petroselinum ««- 
tivmn)y Fennel {^Famicvluyn rulgare)^ Angelica {Archangelica officinalis), 
Eryngo {Eryngimn mar Him am and campestre), of the (Jarrot {Daucus 
Varota), and the Parsnep (Pastinaca saliva) depend on a volatile oil con- 
tained in the rind and leaves; but more concentrated in the vittse of 
th(5 pericarp, which Hinders the fruits of those plants powerfully aromatic, 
whence tluiy are oi’ten used for davonring in cooking ; the fiiiits of the 
Caraway { Varum Varai), Dill {Anetkum grarcolens), Coriander {Cori’- 
nndrnm sativum), Auisti {Pimpinella Anisu'm), Ciiniinin {Oumimim Cymi* 
num), Ammi coptkum, and otiiers are especially valued for these essential 
oils. 

The roots of tbe Carrot and Parsnep, the root of Arrachaca esculenta 
(New Granada), tlie stem and petioles of Celery, when rendered very 
succulent by cultivation, retain only a modemte quantity of tbe aromatic 
oils, and are then chiefly vaJuabJe lor their saccluirine and mucilaginous 
qualities. 8anj])bire, made into pickles, is Crithmum maritimtmi, a species 
growing on iiiaritinie roclcs. l^he roots of CXicrvii { Anthriscus Verefolium) 
were formerly eaten. ITie tubers of the sp(‘cies of Bmiium are edible. 
Alexanders {Brnyrnimn Olmatrum) was former])^ cultivated like Celery, 
Sumbul root is the produce oi Euryanyium tSumhul, and is employed as a 
tonic and stimulant. 

ARALTACE^E (the Ivy Ohheii) consists of herbs, shrubs, or trees, 
with cliaracters resembling those of Umbellifera*, but usually with more 
than 2 styles, and the fruit 3- or several-celled, su(!culent or dry, with 
one perispermic seed in each cell. — Illustrative Genera: Panax, L, j 
Aralia, L. ; lledcra, L. ; Adoxa, L, ; Ginmera, L. ; Helwinyia, Willd. 

Affinities, Src. — The Araliaceje stand very close to the Umbelliferae, but 
may be distinguisiuHl by the ovary having more than 2 carpels. Most of the 
plants have (ilso a valvate {estivation of the corolla, while it is imbricated 
in the UrabeJiiferas : there are some exceptions to the rule in the latter 
Order j and Aduxa is an exception here. 8eemann separates as a distinct 
Order, under the name Hedeniceae, all Umbelliferous plants with valvate 
petals and a fruit composed of two or more carpels. The true Araliads, 
according to this author, have imbricated petals. They ai*e not so exclu- 
sively herbaceous as the Umbellifeiw, some being trees, and some climbing 
shrubs, which latter bring the Order into relation with the Vitaceee. 
They are nearly allied to Caprifoliacese, which have a sympetalous 
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corolla. referred to Oaprifdls by Bentbaau and Hooker, is re- 

markable for its stamens, which have a bipartite tilament, each half bear- 
ing a separate anther-lobe ; it also presents tiowers with 4- and ^inerous 
corollas in the same inflorescence. Gunner an aberrant form, included 
under Halorageaj by JEkjntham and Hooker, is in some cases dicBcious, has 
a dimerous perianth of two whorls or none at all, and 2 stamens, and a 
1 -celled, l-seeded ovary ; G. seabra is remarkable for its enormous leaves, 
as much as 8 feet in diameter, on stalks like those of liheum, Helwingia 
is unisexual, and is made a type of a distinct Order by Decaisne and 
others. Its flowers are collected on the midribs of the leaves or bracts, 
from the adherence of the peduncle, somewhat as in Tilia. ^ Seemann 
includes in his proposed j^roiip of Ilederaceaj, on account of their valvate, 
not imbricate, petals, Orithmum, llorsjieldia, some species of Hydrocotylej 
and some other plants usually plac(.‘d in Umbellifene. 

Distribution. — A considerable Order, distributed throughout all climates 
and in all parts of the world. 

Qualities and Uses. — Aronuitic and stimulant. The root of Panax 
Gimeuif is highly valued by theOhiuese as a stimulant; P. quinqnefoliitm 
is exported to ('hina from the TTnited States as American Ginseng. 
Aralia nudimuHs (United States) is called Wild Sarsaparilla; A, raeernosa 
yields an aromatic gum-rosin. The astringent roots of Gunnera scahva 
are used for tanning, and the fleshy leaf-stalks are eaten. The berries of 
Ivy (Hedera Heliv) are emetic and purgative. The wood of soiue of the 
East-Iiidian species is resinous and aromatic. The substance called 
liice-paper, prepart‘d by the Chinese, consists of thin slices of the pith of 
Tetrapanax papyrifenmi. 

OORXACE^K (the 1Io«wooi> Oiider) consists of shrubs 
or trees (rarely herbaceous), almost always with opposite and 
exstipulate simple leaves; flowers 4-5-nierous, sometimes I a 
diclinous ; the tube of tlie calyx adherent to the i~2-celled )L ^ 
ovary, its limb minute ; the petals (valvate in the bud), with 
as many stamens, insert(id on the margin of an epigyiious disk 
in the perfect flowers; style 1 ; a single aiiatropous ovule 
suspended from the t(.>p of each cell ; the fruit drupaceous, 
l”2-seeded (fig. MiK)) ; embryo nearly the length of the peri- 
sperm, wdtli large and fuliaceous cotyledons. — Illustrative Eij)« fruit 
Genera ; Cornm, Tournef . ; Aumha, Thurib. Cornus. 

Affinities, Ac. — The chief distinctions from the Araliacese lie in the in- 
florescence, the tetrnmerous structure of the flower, the usually opposite 
leaves, the 2-caipellary ovary, and the simple style ; from Umbelliferce 
the first two characters divide them, together with the single style, and 
in most cases the habit ; Caprifoliacem are distinguishable by the sym- 
petalous corolla, naloragacea3 difler in habit and distinct styles, but are 
connected with this group through Gunnera, 

Distribution. — A small Order, the members of which are natives of the 
temperate parts of America, Europe, and Asia. 

Qualities and Uses. — The bark of various species of Comm is esteemed 
as a tonic and febrifuge ; C. Jlorida &c. are used in North America in 
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place of Cinchona; Comm mnguinea^ Dogwood, is a common hedge 
shrub. C. mmcula, the Cornelian Cherry, bears fruit, which is now little 
esteemed. Aucteba japonica, the variegated or Cuba ” Laurel of our 
shrubberies, is the female form of a dioecious .Japanese plant, propagated 
in thousands by layers, but till lately never producing seeds. Since the 
introduction of the male plant, however, the scarlet olive-shaped berries 
are produced in profusion ; and numerous varieties have been raised from 
seed. 


Division II. Gamopetal» or Corolliflora. 

Dicotyledonous Plowering plants having both calyx and corolla, 
the latter sym- or gamo])eialous and springing directly from the 
receptacle ; tlie stamens most ly adherent to the corolla (epipetalous), 
rarely fioe and arising with the corolla from the receptacle, 
(lyiuocium usually syjicarpous. 

Exceptions, &c. — The prevailing floral formula is S o | P 5 A 6 G 2, but 
similar anomalies to those noted under the other Subclasses occur in some 
Orders which, on the whole, are Corollilioral. Thus, among Ericaceae, the 
Suborder f^wcifncae is properly Oalycifloral, and the same thing occurs in 
Styracaceie and elsewhei'e; among the Ericaeem and Epacridaceoe we some- 
times have tlie TJmlaiuifloral condition, the petals being distinct and the 
stamens hypogynous. In Primulaceae, Oleaceoe, and I’lantaginacefo ape- 
talous and polypetalous species occur. In Lobeliacero, Primulaceae, 
Myrsinaceae, Sapotaceio, Styracaceae, Jasminaceje, and Plumbaginaceae 
dialypetalous corollas occur, but with epii)etaloiis stamens ; and also, in 
some cases, apetalous flowers with hypogynous stfimens, which, strictly 
speaking, would be Monochlamydeous. Tliese (and many other cases 
might be noted) indicate the continual occurrence of “ cross relations ” 
between the groups of Orders, which render it very difficult to arrange 
the Orders satisfactorily, and show that any linear series is quite artificial. 
The Gauiopetalous Orders may Imj grou})od according to the position of 
the ovary, superior or inferior, the number of carpels, the regularity or 
irregularity of the corolla and stamens, &c. ; hut in any case allowance 
must be made for exceptions. 

Series 1, Infebje or Epigynje. 

Ovary usually inferior. Stamens isoinerous with tbe lobes of 
the corolla, rarely fewer. 

CAPEIFOLIACE^. The Honeysuckle Oeder. 

Coh, Bubiales, Benth, et Hook, 

Diagnom, — Shrubs or rarely herbs, with opposite leaves and as, a rule, 
no stipules ; the tube of the flower adherent to the ovary ; the stamens 
as many as (or one less than) the lobes of the tubular or rotate epigynous 
corolla, and attached to its tube ; ovary 1-6-celled, often with 1 ovule in 
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one cell and several in the others ; style 1 ; stig-mas 8 or 5 ; fruit indehis- 
cent, dry or succulent, 1- or more-celled; seeds solitary or numerous, 
pendulous; embryo in fleshy perisperm. — Illustrative Genera : Diervilla, 
Tournef. ; LonicerUj Desf. ; Vibut'nmn, L. ; Samhucus^ Tournef. 

AiJttnltles, &c. — This Order is usually subdivided into two Suborders : — ] . 
Lonicerete, with a tubular, regular or irregular corolla, a filiform style, and 
seeds with a dorsal raphe ; and 2. Sambuceae, with regular rotate corollas, 
3 sessile stigmas, and seeds with ventral raphe. It connects the sym- 
petalous Rubiacese, Logaiiiacem, and their allies with the dialypetalous 
Cornaceae and Urn belliferae. Through the EscalloniecB it is also connected 
with the Saxifragaceae. 

Distribution. — A considerable Family, distributed chiefly in the northern 
parts of Asia, Europe, and America. 

Qualities and Uses. — Some of the plants possess powerful purgative and 
emetic properties, as in the case of the leaves of the tAHev {Sambuem ni(fra)^ 
of the Gueldres Hose {Viburnum Opulus), tlu^ Common Honeysuckle [Lo- 
nicera Periclymenuni)^ and Trio&teum perfoliatum (North America). Tlie 
fruits seem comparatively destitute of this property, that of our Elder and 
others being made into wine ; the berries of Viburnum are eaten in North 
America ; and those of Symphoricaipus^ the Snow-berry of our sliruh- 
beries, appear to be harmless. The fragrance and beauty of the flowers 
are marKed characters of the Order. Besides Honeysuckles, species of 
Lonicera and CaprifoUum^t\\ii Elder, the species of Viburnum [ V. OpuluSy 
grown in gardens for its balls of white neuter flowt^rs, V. Lantana^ the 
mealy Gueddres Hose, V, Tinus^ the Laurustinus shrub ), Stpuphoricarpm, 
&c. are found in every shrubbery. By Benthain and Hooker the curious 
little genus Adoxa is included in this Order. 


EXJBIACEAt. The Madbeh Order. 

Cvh. Kubiales, Benth. ct JIooJc. 

Diaynosis. — Herbs, shrubs, or trees, with opposite entire leaves con- 
nected’ by interposed stipules, or in real or apparent whorls with stipules 
resembling the leaves ; the calyx adherent to the 2--4-celled ovary ; the 
stamens as manjr as the lobes (il-5) of the regular epigynous corolla, and 
springing from its tube ; ovules anatropal ; embryo perispermic. 

Character'. 

Thalamus concave, together with the calyx tube adherent to the 
ovary. Calyx limb entire or 4~6-toothed, sometimes obsolete. 
Corolla sympetalous, regular, with a long tube, or rotate, its seg- 
ments equal in number to the teeth of the calyx. Stamens 
usually equal in number to the lobes of the corolla, and attached 
in one line upon, it, alternately with them. Ovary inferior, 
usually 2-celled, with an epigynous disk ; style single, sometimes 
slightly divided ; stigmas united or divided ; ovules solitary, 2 or 
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maBy in each cell. Fruit splitting into two dry cocci, or inde* 
hiecent, and then dry and succulent, 2-celled, 2- or many-seeded; 

if definite, erect or ascending, or nujnerous on axile plar 
centas ; embryo in horny perispenn. 


Fig. 391. 



Jiubia: a, flowpr,T»at. Riz<*,Hbowin{r oh/tolefe calyx, gainopetalous 
corolla, &c. ; 6, section of the flower. 


Illitsthative Gknkra. 

By Benihftin and Hooker the iiniiioii.so Order Knbiacem is divided into 
twonty-tive tribes, wbic^b latter are grou})ed into series and subseries as 
follows: — 

8k H IKS I. Oww/eA' indefinite. 

Siib«!eries 1 , Fruit dnf, cupsutnr, or iiuhdiiscnit. 

Tribes — Naiicloje, Oincliout'je, Henriquc'/deje, Ooiidamineie, Ron- 
deletieje, T redyotidea3. 

Siibs(‘rie8 '2. Fruit fleshy or coriaceou'i^ indchiscont. 

'J>il)es — Miissceiidefe, Jlameliejc, tbitesbjeejo, (lardeniete. 

Series H. Ovules yeminate in each cell. 

Trilies — (b iiekshaiiksiete, Ketiiiipln lleje. 

Series III. Ovules solitary in cuwh cell. 

Siibseries 1. lladicle superior. 

Tribes — Giiettardeie, Kuoxieje, Cliiococceie, Albertese, Vangueriete. 

Subseries 2. Radicle inferior. 

Tribes — IxorofR, IMorindere, Ooussarefe, Psycliotrieie, Poederieie, 
AntliospernietR, Speruiacocejc, Oalioa?. 

Tlie distinctions between the Tribes me founded on the aestivation of 
the corolla, the wdnged or not winged seeds, the nature of the infiorescence, 
and of the fruit, &c. 

Affinities, &o« — The Rubiaceae are often divided into two Orders, Cinch o- 
nacese and Galiaceie, or Stellatm, the latter including all the genera with 
large foliaceous stipules, or, as they are termed, whorled leaves: the distinc- 
tion does not appear to be sufficient. The presence of interpetiolar stipules, 
either small or imitating leaves, is the principal character separating this 
Order from Caprifoliaceie, where, however, Lindley observ^ea that they 
sometimes occur os monstrous growths. This Order also runs very clo^e 
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to Loganiacese, beinp chiefly distingtiislied by its inferior ovaiy ; the Loga- 
niace® thus connect it with Gentianacese and the allied Oorollffloral Orders. 
The fruits of the and of some of the Coffees, nearly relate them 

to the Umbelliferic ; from which, however, they may be at once known 
by the gamopetalous corolla. Opercularia^ an aberrant genus with a 1- 
celled, l-seecled ovary, connects the Order with Dipsacese ; and the inflo- 
rescence of some kinds, as Cephalantlius^ Michardsonuiy &c., approaches the 
condition of the capitiila of that Order and of Conipositte; while in 
Aryyrophyllum the stamens are syngenesious. 

Digtribution. — This is one of the largest Orders. The StvUat<B or Oaliere 
belong to the cool parts of the Northern hemisphere and the niountains 
of the Southern. The Cofote and Cinvhonece are chiefly natives of warm 
climates, most of them tropical. 

Qualities and Uses.— The Kubiacese form a very extensive group, and 
include plants with a considemhle diversity of pro]^erties. Some are 
emetic and purgative ; others febrifuge and tonic ; others stimulant and 
restorative; some arc' astringemt; a few have cnlible fruits; some yield 
valuable dye-stutfs ; and fragrant or showy flowers abound in the Order. 
Among the powerfully emetic plants are the Tpecacuan, tlie oflicinal sub- 
stance being the cre^eping rhizome of Cephachs Ipcccwtamha. Psychotria 
onet'iea furnishes a s])urious kind called hlnak or streaked l])ecacuan. 
Ili'char(Uo)iia scahm and enietica yield white false Tpecacuan. Chiococca 
deiisifolia (Cahinca root.) and C. anyidfuya have similar properties, which 
are shared by the genera Spen/uwacc, Mamitia, JMost of the above 
plants belong to JTrazil. The two specicis of Vhiovocm above named are 
regarded as spc'calics against snake-bites; tJnur emetic and purgative 
action is described as excessively powerful. Hoim^ species of Ctphaelis 
and Psychotvui arc' still more ac'tivc^, and are us(;d as jioisons for rats and 
mice in Ilrazil. Coflcje consists of the sec'ds of Voffeu itrahioa^ two of 
which are producc'd in a succulent berry. It is hcdievc'd to he a native of 
Abyssinia, perliaps also of Arabia, hut is now widely dillused in cnltiva- 
tioii in the blast and West Indicjs and Brazil. Idhc'rian Coflee is a native 
of Western African,. The fruits of Galiimi are said to bc^ar some resem- 
blance to Coffc'o wh(;n ronstc^d. 

Cinchona, I’eruvian or .Jesuits’ bark, is derived from several trees 
natives of the slopes of the Andes, at an elcn ation of about 7()()()-8C)00 feet, 
and many of which are now cultivated in India. 'I’lie researches of Wed- 
dell, Howard, and otlicus have determined thci source of most of the kinds. 
Cinchona Calimya gives Yellow or Calisaya hark; C, mccirnhra^ I^ed hark; 
C. nifida and micranfha, Grey or Iluanaco bark; C. Condaminca (var. rera)^ 
Crown or J^oxa hark. The bark of various species of pAodemma is 
kuown as false Cinchona. Species of Guettarda^ Pinckneya, Pondelciia^ 
Coutarea, &c. have similar properties. The extract of’ the leaves of 
Vnearia Gamhir is a powerful astringent, known as Ganiheer among 
tbe Malaya, and supposed to f urniali part of the Catechu of commerce. 

Among the fruits may be mentioned those of Genipn (Brazil and Mada- 
gascar), Snrcocephulns esculcntus^ the Sierra Leone I’each, &c. The berries 
of some Coprosmee are eaten in Australia, and are called Native Currants. 

Of the dyes, Madder, the roots of Ruhia tinctorum (hlurope), R. cor-- 
difolia^ Munjeeth (Bengal), R. Relhoun (China), and i?. augustisdma are 
the most important OMenlandia umbeUata^ used instead of Madder in 
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the East Indies ; species of Morinda, Psychotria, Genipriy Condaminea^ &c. 
are of less importance. Guettarda speeiosa furnishes what is called by 
cabinet-makers “ Zebra- wood, ’ from the West Indies. 

Among the genera noticed in the list above are found many of our 
favourite stove-plants, noted, like Gardenia, for fragrance, or, like Lvoru, 
for their splendid blossoms and handsome foliage. Many species of Galium 
are comiiion weeds with us, readily known by their star-like whorls of 
leaves and stipules. 

VATjERIANACJi-fE (thk Valerian Oudkr) consists of herbs with 
opposite simple or compound loaves and no stipules; the tube of the 
ilowor adliorcnt to the ovary, wdiicli latter has 1 fertile and 2 abortive or 
empty cells ; the limb of the calyx is obsolete or forms a pappus ; corolla 
epigynous, tubular, -O-lobc^d (lobes imbricate), sonKdimes spurred at the 
base; stamens 1-5, distinct, fewer than the teeth of the corolla, attached 
to its tube, alteu’nate with the lobes ; seeds solitary, in the hirtile cell of 
the dry, indehiscent, sometimes pappose fruit, pendulous, aperispermic ; 
radicle superior. — Illustrative Genera : FedUiy Muench; Centranthm^ DC.; 
Valeriana, Neck. 

Affinities, &c. — This Grder approach(‘s Dipsac^em in general structure, 
sometimes having involucrate inllorescence ; lienee it is also related to 
OomposiUe, Cam pan ul acorn, «fcc. ; but the peculiar structure of the ovary 
is a very marked character, and the seed of Dipsacem is perispermic. The 
development and unrolling of the pappus ol* CentranthnsmwX others, during 
the ripening of the fruit, is very singular ; the corolla is surrounded by a 
thickened ring, which subsequently enlai'ges and expands into a crown of 
feathery processes. 

Distribution. — An extensive Order, the members of which are distributed 
throughout the temperate parts of Eurojie, Asia, and America. 

Qualitios and Uses. — Many of the plants liavt^ strong aromatic properties, 
whence the}’' are used as autispasiuodic and Ionic remedifis. Vakriana 
ojfieinalis, Phu, eeltica, and Salianca ar(‘ all used ; V. sitchemis, from 
Jinssian Americ^a, is said to be the most powerful. NardodachyaJatamanm 
(India) is supposed to be the ancient Spikenard. Fedia or Valenanella 
olitoria is cultivated for salad, under the name of Lamb’s Lettuce. Cen- 
tranthm rnher, a showy plant, with abundant cymes of small rose- 
coloured tiowers, is found iu most gardens, and is naturalized in Kent. 

DIPSACEyE (the Scabious Order) is composed of herbs with 
opposite or whorled leaves, no stipules ; the tiowers in dense heads sur- 
rounded by an involucre as in C^ompositm ; the separate florets surrounded 
by sppciarmembranons involucels ; calyx adherent, limb scaly or pappose; 
corolla epigynous, tubular, mostly irregular, 4-5-lobed, inserted on the 
calyx, imbricated in mstivation ; stamens 4, sometimes half-barren, 
attached to the tube of the corolla ; anthers distinct ; ovary 1-celled, 
with 1 pendulous ovule, simple style and stigma ; fruit indehiscent; seed 
perispermic ; radicle superior. — illustrative Genera : Dipsacus, Tournef. ; 

Kbm. et Schult. 

Affinities, &e. — Nearly related to Valsrianacem on one hand, and to Oom- 
positte on the other ; distinguished from both by its involucels and peri- 
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spemiic seed ; from Compositse especially by the distinct anthers and 
pendulous seed. 

Distribution. — The species number about 120, and are found most 
abundantly in Southern Europe and North and South Africa. None are 
American. 

Qualities and Uses. — Some are said to be astring’ent. The Teazel 
{Dipsacm fullommi), a large Thistle-like plant, is of great importance, its 
dried capitula being used to comb up the nap on cloth, the hooked bracts 
not tearing the stuff like metal instruments. Many species of Scahiosa 
(Scabious) are cultivated for their beauty ; two small-fiowered species are 
natives of Britain. 

CALYCKRACE^i are a small Order of South- American plants, interme- 
diate between Dipsaceje and Composite, having the pendulous perispermic 
seed of the former, and antliora coherent below and free above, so as to 
approach the ayngenesious character of the latter Order. Properties un- 
known. — Genera: J uss. ; CWyccm, Cav. 


(XIMPOSITJE. 

Coil. Compositales, Benth. et Hook, 

Biafjnosis , — Herbs or shrubs ; the flowers in dense heads 
(capitula) upon a common receptacle surrounded by an involucre ; 
stameus 5 (rarely 4), springing from the corolla, filaments free ; 
anthers coherent into a tube surrounding the style (syngenesious) ; 
ovary inferior, 1-celled, with I erect ovule ; seed aperispermic. 

Character, 

Capitula at the extremity of an enlarged peduncle surrounded by 
an involucre of bracts, and bearing perfect and imperfect florets 
closely packed, all similar, or of two kinds, those of the centre 
or disk and those of the circumference or ray ; florets often 
accompanied by membranous scale-like bracts (palece). Calyx 


Fig. 392. Fig. 893. Fig. 394. 



Fig. 392. Becpptacle of the Daisy with the florets removed. 

893. Beceptaele of Dandelion with the florets removed; braots of the involucre reflexed. 
Fig. 394. Linear stigmas of Ooznpositie. 
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396. 


ri<?. 398. 


Fig. 396. 




Fig. 397. 





Fig. J?95. Section of a capitulum of a Composite ]>lant with paleae at the base of the central 
tubuJar and of the marginal ligiilaU* florets. 

Fig. Section of an einj>ty oapiluTuni of a Composite plant with a paleacimus receptacle. 
Fig. 897. Tubular floret. The pajipus is scaly. 

Fig, 898. Ligulate floret. Pappus scaly. 

Fig. 399. Syngenesious anthers and styles of Conipositre: u, in the natural position ; 6, the 
tube of anthers opened. 

adherent ; limb obsolete, entire, or rt‘p laced by a circle of 
scales, bristlt?s, or feathered or simple hairs {pappua)^ which is 
often persistent. Corolla sympetalous, epigynous (tig. 397) 
and funnel-shaped, or ligulate (fig. 39S), or bilabiate. Stamens 
5, alternate with the teeth of the corolla ; Jilaments distinct ; 
anthers cohering into a tube round the style (tig. 399). Ovary 
inferior, l-celled, with 1 erect ovule ; style simple below, bifid at 
the apex, with a distinct stigmatic surface on each branch (tigs. 
394, 399). Fruit a “ cypsela ” (tigs. 400-402), indehiscent, with 
1 erect aperispermic seed, often crowned by the pappus. 

This extensive Order is divided into three Suborders. 




1. Tubulifloe.e. Florets all tubular and perfect, or only those 
of the centre (dish) perfect, while those of the circumference are 
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tubular or ligulate, and female or neuter. — 2. LABiATiFLOEiE. 
Florets with bilabiate corollas, perfect or unisexual. — 3. Liguli- 
Florets all ligulate and perfect ; juice milky. 


T. 400. 



Fig. 402. 



Fit'S. FruiiiH of Composiia' snrmotnited l>y iht' jjappiiH. In fi^. 100 t)u* <‘alyx-tul)e la 

flouj^aled above the fruit in the shape of a. “beak." (FitJ. “iO'J, vertical sec- 
tion, showing the ere<*t seed.) 


I LLUSTUATl Vn OeNEU A. 

By Bentham the Coinpo.sites are divided into thirteeen tribes : — 
I. Vt'TiR)iiif‘je. II. Fupnloi'ieie. III. AHloroidc'a'. IV". Intiloidese. V. 
IlelianlhoidoiC. VI. jloleniuidetc. Vff. Anthomideo^. VJII. Sonorio- 
iiidete. IX. C^ihuidultie. X. Arclotidcto. XI. Cynaroideie. XII. 
Muiisiacea*. XIII. Cichoracea;. 

Tlu'se tri])j‘s are Ibinuh’d upon the uni- or bise.xual character of the 
floret. -s ill each head, the form tjfthe tliiuitH (tubular, lignin (o, &c.), the form 
of tlu^ antliers and of the projections fnan their base and a])ex re.spectively, 
tlie form of tlio style and stigmas, the nntme of the pn])])u.s, »!C"c. 'I’lie fol- 
lowing geiienu may be taken as ropie'^eiilulivtis of 1 lie ab(u*o tribes : — 

I. Vvruoiiia. IE. I^ufKifonuni. HE. yEsVer, EV. Inala. V. ITflian-^ 
thus. \d.. TiujHcs, VEI. Authnuis. Soierw. IX. Calmdula, 

X. Arctotis. XI. (Jarduus. XII. Mutisia, XIII. Taraxacum, 

Affinities, &c. — This Order, which, is tlie most namerous, and, by some 
aivthor.s, regarded as the most perfect in the. Vcigctable Ivingdom, is like- 
wise very natural, its distinguishing features being very evident in almost 
every genus. From its neare.st allies, Dipsacete and (ha.lycerace«i, it may 
be distinguished by the cimditioii of tiie {mtlier.s and the ovule. The 
syngenesious condition, and, in some me{usure,the general structure of the 
florets, ligulate and tubular, indicate a near relation also to Lobelia cem 
and Canipanulacese, wherein, however, tlie Hower.s are not only large and 
scattered, but the ovaries have more than one cell, with many seeds in 
each cell. ^ ^ ^ 

The floral formula is | S5.P P5 A 5 G2, but the nature of the calyx 
and pappus is undetermined. Two different views are held as to the 
nature of the pappus. Some (as Lund, Treub, Buchenau) look on it as 
truly a modified calyx; Warming considers it in the light of trichomes 
or hairs having no definite position or order. Hofmeister regards the 
pappus of Composites, Yalerianacese, and Dipsaceas as a whorl of leafy 
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formations, and considers it probable that each hair is the representative 
of a leaf. In the development, however, the corolla precedes the calyx, 
which is often represented by a mere rim, so as to render it doubtful 
whether a true calyx -limb really exists. 

llie subdivisions of this Order are difierently priven by diflbront authors. 
The most recent revision is that of Jientham above cited. The Orders of 
the Linnoan Class Syn[j:enesia correspond to Composite. Tubuliflorm, 
as above ^iven, include tlui OorymbifeKc of some authors, in which the 
style of the perfect flowcjrs is not swollen below the stif,^ma, and the 
Cynnrea3, wliere the out (u* florets are often neuter and the st^de is swollen 
below the stigmas. The tribes of the Coinpositse established by Do Can- 
dolle depend on the; condition of the style and its stigiuatic lobes. The 
characters of the genera ar(i chietly d(;riv(Hl from the conditions of the 
involucre, the cypstdous fruit, and the j)appus. 

Distribution. — The sja^cies are more numerous than those of any other 
family, more tluin t(m thousand being liiiown, and an' nm\'ersally distri- 
buted, forming one eighth of the l*hnnerogamia of Central Europe; the 
Tuhuliflorep fiYQ. most abundant in hot cliiuattis, the Oichonweev in cold. 
The Lahiafiflorct belong almost entirely to extratropical South Amei’ica, 
In the nortiteni hemisphere the (/()in))osita5 are all Inuhaceous ; in South 
America and some other parts of the southern hemisphere they are soim;- 
tiines shrubby, l ossil Composites are tirst found in the Upper Miocene 
beds (Saporta). 

Qualities and Uses. — The plants of this Order arc not generally cliarac- 
terized by any very powerful jwoperties: bitterness is the prevailing 
quality, accompanied by aromatic si cretiotis in the Corymhijeraiy and by 
a special lactescent juic*e iu tlie Cichoracece^ which often ct)ntain8 a more 
or less active narcotic priiadple. 

Among Corytubifene may be ludicod a n\imb(^r of genera possessing 
considerable importance. The Artmiisicfy or Wormwoods, are numerous; 
A, Absinthium imdi pontica are Wormwoods proper, and with some other 
specie's are used not only as anthelmint ics, as their name indicates, but for 
preparing the bitter liqueurs called -d 6, or Vermuth ; A. iJracmimihis 
IS the Tarragon, the leaves of which are used in salads and pickles ; A, 
Ahrotanwn is Garden Southernwood, used also for its hitter flavour. 
Most of the other species have similar properties ; the flower-heads of 
A. Contra, Sieheri, paudjlara, Vahliana, &c. are known on the Continent, 
under the name of Semen Cinse or Semen (-ontra, as powerful vermifuges. 
A. cJiinensis furnishes Moxa. Anthemis nohilis,\\\Q Camomile, Matricaria 
Chamotnilla, and l^rcihrum Parthmium are valued for aromatic bitter 
and tonic properties ; the species of Achillea are astringent, or in some 
cases pungent, which is still more the case with Anacychw Pyrethrum^ 
called Pellitory of Spain, and A, offidnai'um^ the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache : 
in a fresh state these roots are acrid; and this is still more the case with 
Maruta fmtida. Arnica montana, a plant of the mountains of Central 
Europe, is narcotic-acrid and poisonous, except in small doses ; its tincture 
lias a powerfid influence in exciting the circulation beneath the skin with- 
out producing vesication. Doronicum Pardalianches is said to have similar 
properties, as also some species of Inula ; Inula Heleninm^ however, is 
merely aromatic and tonic ; it is known under the name of Elecampane, 
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Some species of Eupatoriiim, including our native B. camiabinum, are 
emetic and purgative ; B, Ayapana (Brazil) lias a reputation as a local 
and internal application for ' snake-bites. Matico is said to be obtained 
from E. f/lutinosumy though most of it is the produce of Artanthe eloriyata, 
a Piperaceous ])lant ; its leavers are used as a styptic. 

The seeds of some of the Corymhifene contain much fixed oil. The 
seeds of the Sunflower (Helianthys amiuus) are well known on this 
account; and Madia sativa (Chili) has become an object of (udti Nation in 
France and Germany for the sake of the oil expresstsd from its seeds, its 

oil-cake ” being also valuable for catth'. 'Flie esculent tubers called 
.Jerusalem or Girasole Artichokes are furnished by Ilolianthm tuherosih^; 
the analogous tubers of the Dahlia {Dahlia i-armbilis) are not available in 
this way on account of a strong find unpleasant fhivour whi(;l» exists in 
them. ' Tussilayo Farfara^ or Ckdtsfoot, wdiiclj is mufdlaginous and bitter, 
w^as foi-merly ill repute for affections of the cliest. 

The Cynarv<e^ or thisth^-liko (%)nipositie, are equally varied in the 
concentration of their qualities. TJie root of Carlhia avaulh is said to bo 
a violent purgative, and that of C. yummifera is known as an anthelmintic. 
The Burdock {Arctium Jjappa), lla‘ Marig-old (Calendula iifficinalh)^ Cen- 
taiora CalcitrapUj and other alli(‘d plants wort; fonnerly osteeined as febri- 
fuges, diuretics, and alt(;rativo.N, but have gone out of use. The C!5ostus, 
celebrated by the ancients for its viidiu's, is sujiposed to be the root of 
Aucklandia codux ( Cashmere). Carthamux tinctoriux^ Safflower, is used 
in dyeing andintiie manufacture of true rouge; tlic flowers of Calendula 
r^cma//5 are used to adulterate Saflron. »Serrafula tindoria is also used 
in dyeing yellow and green. Thef Jlohe Artichoke is the fleshy receptacle, 
wdth its bracts, of Cynura Scolyinux* (kirdoons are the blanched stems 
and petioles of ()/nara Cardmmdux. 

The LahUiti/lorcif five sometimes aromatic, bitter, or mucilaginous. Tlie 
leaves of Printzia aromatica are used as a T(;aat tlie ( lape of Good Hope ; 
tliose of Anandria dixcoidea are used by the Chinese as the (coltsfoot is in 
liluropc. 

The Cudioracece include several jilaiits of note : the different kinds of 
Jjettiice, Laetuca virosUy Soariola, xalim (the Garden Lettuce), contain a 
milky juice which has narcotic ])ropertie8 ; when evaporated to dryness it 
forms a kind of gum, called by druggists Laclucurium, which is occasion- 
ally used as a sedative. Tlie Garden Lettuce loses much of its bitterness, 
and, at the same time, of its narcotic properties, in cultivation. The 
Dandelion, Leontodem Tarasracum (or Taraxacum Dens Lemiis)^ has also a 
milky juice, which is valued fur its medicinal properties as a diuretic and 
alterative, with some sedative qualities; its roots, and still more those of 
Chicory or Succory (Cichorium Intyhus)^ are used, roasted, to adulterate 
coffee. Besides the Ijettuce we have other esculent vegetables in this 
Suborder ; Cichorium Endivium furnishes the Salad l^ndive (blanched by 
exclusion of light) ; Scorzonera is the root of Hcorzonera hispanicay other 
species of which are used in like manner in different countries ; Salsafy 
is the root of Trayopoyon parvifoliuxy or Goal’s-beard. 

The Compositae include a vast number of cultivated plants. The Dahlia 
(D. variahiUs)^ the Chrysanthemum (Pyrethrum sinense, indimm)^ the 
Cinerarias (^ne.cio crtienta, Tussilayinisy IIeriiieri)y the China Aster 
( Callistemrm hortense) are florist’s flowers remarkable for the number and 
beauty of their varieties. The Everlasting flowers, or ImmorteUeSy are 
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mostly species of GnapJmlmm^ together with Helich'ysuniy Aplielexky &c. 
Our native Thistles are species of Cardumj Onopordum, &c. 

LOBELIACE^il are herbs or shrubs with a milky juice, alternate 
kaves, and scattered flowers ; corolla irregular, opigynous, sjmipetalous, 
split down to the base on one side ; the 5 stamens free from the corolla 
and united into a tube, often by their fllainents, and always by their 
anthers; ovary inferior, ] -8-celled ; style 1 ; stigma 2-lipped, surrounded 
by a fringti of hairs ; seeds numerous, perispormic. — Illustrative Genera ; 
Lohdia^ L. ; Siphommp^flm^ Pohl. 

Affinities, &c. — The relations of this Order to romposita* are close, as is 
seen when we compare the flowers with ligul ate florets of the CidiaracecB', 
the structure of the ovary, how^ever, as w^rdlaaof the. inflorescencti, divides 
them. With Oam]»anuhic.e[e, under which order the v are included as a 
tribe by Beiitham and I look(rr, tluy are connected through the tubular 
florets of (Jompositfe, which resemble tht‘ flowers of 0;mipauulace{e, except 
in the structiirf.^ of tlio ovar}', which brings the (^impanuhic-e<e still n(‘arer 
to Ijobeliact'fe. TJie fringe round thes stigma is analogous to the hairs of 
the style of Gam pan ulaceje, and perhaps also to the indusiurn of Goode- 
niacefo. Some Jjobeliame have; their jietals distinct, and JMonopm has 
the flower nearly reg'ular. 

Distribution. — A rather large Order, tlu^ ineinbt'rs of wldcli are chiefly 
distributed throughout tropical and subtropical regions. 

Qualities and Uses. The milky juice is acro-narcotic ; the species of 
Lohfdia are more or h*ss poisomms, producing effae.ts analogous to those of 
ToJmcro. Jjohdia injiaia is us(‘d in small doses for spasmodic asthma ; it 
acts sometimes as an enirtic, but prodii('f*s gr(‘at depression of the pulse, 
perspiration, and, in large doses, (haith. Most of th(‘ speeii^s are acrid whem 
fresh; L, urvm produces vesication of th(‘ sKin. Ttipa Fi'ailln fChili) 
yields a violent poison, liittfunHi hmpijlora is vesicatory, and, taken in- 
ternally, {)roduces <leatl) from violent and uncontro!lahle pinging*. The 
milky juicjes contain Caoutchouc. Many spechis {.)i Lohdia and Siphocam- 
pifl-m are cultivated for their showy flowtu-s. 

Gooi)RMA(’KiT5 cousitute au (.h'der of pi lUts nllit*d to the Lohcliacene, 
the Stylidiace.'u, and the ('^ainpanulacem ; hut especially distiiiguislied by 
the remarkable structure of the upper part of the style, which is (‘xp inded 
into a kind of cup or purse, concealing wdlliin it the stiginatic surface, and 
closing over the pollen after fertilization. —Most of the Goodeniaceto are 
Australian azul PolvTK'sijiu ; a tSra^roh occtirs in North- we di(U’n India and 
in Africa ; another genus, Sdficra. is South- American. Their properties 
are unimportant. LeKc/unanlfia fonno'^a, c(fndea, and other species are 
cultivated on account of the henuly of their flowers. 

BnuNONrACEJR, consisting of two species of Bnmoniaj Australian plants, 
agree with Goodeniacete in the structure of the style, but are sometimes 
separated from tlunn on account of the superior position of the ovary. 
Their capilulous infloresceuco approaches that of Compositse. They have 
no known properties. 

Stylidtacisjr constitute a .small Order of plants related to the Goode- 
niacese and the Campauulacese, but are distinguished by and remarkable 
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for the gynandrous structure of the flowers, the filaments being adherent 
to the style into a column surmounted by the anthers which overlie the 
stigma. This column exhibits the irritability met with here and there in 
Flowering Plants : in Stylidium it hangs over on one side of the flower ; 
but when touched it rises up and springs over to the opposite side, at 
the same time opening its anthers and scattering tlie pollen. — The Stylidia 
are chiefly from Australia; a few others are scattered in the East Indies; 
the Forsters belong to New Zealand and the Straits of Magellan. They 
have no known properties. 


CAMPANITJ.ACE.E. Bell-flowers. 

Coh. Campanules, Benlli^ et Hook, 

Dmynosis . — Plorbs with a milky juice, alternate loaves, and 
mostly scattered flowers ; calyx adherent to the ovary : corolla 
regular, epigynous, bell-shaped, valvat-e in aistivatiou ; stamens 5, 
free from the corolla, mostly distinct or coherent just below the 
base of the distinct anthers: OA'ary 2-5-ce] led : style 1, liairy ; 
stigma simple or Jobed ; capsule many-seoded, dcdiiscerit by lateral 
oriiices or valves at iiie top: seeds with fleshy perisperm. — Illus- 
trative Genera : L. : Oiimjmunla^ L. 

AiUnities, &o. — The (kiinpanulacem arc divided by Bentham and Hooker 
into tiiree irihes : —1. Lohdivce^ Jjer(5 treated as a distinct Order, and having 
irregular fiowers and syiigeiiesious antlu'rs; 2. Vyphiexv, with irregular 
flowers and free anthers; and fl. ChmprmM/crc, with regular fiowers and 
usually free anthers. 'Idujy have many jxuiits of agreejiKUit with the 
Composite, the flowers restnnbling the tubular florets of that Order 
in the corolla, inferior position of the ovary, and number and position of 
the stamens ; but the anthers are distinct or oidy united at the base, and 
the ovary is more than 1 -celled and contains many seeds; in Jamme and 
Phytmma the flowers are in cnpitula, almost like those of Ooruposit®. 
They are only separated from ljob(diaeea‘ by the regularity of their 
flowers, the giobnhir (not elliptical) pollen-grains, and the peculiar hairs 
of the style; which points of structure likewise separate them from Goo- 
deniaceac and Stylidim^em. On the other liand they approach VaccinietB^ 
from which they differ in the number of the stamens and their porous 
dehiscence, the style, and the habit. In Cyvloeudon the tube of the 
corolla is adherent to the ovary (stiperior), while the calyx is inferior I 

Distribution. — A large Order, the members of which belong mostly to 
tlie tempcjrate parts of the Northern hemisphere. 

Qualities and Uses. — The milky juice has properties analogous to that 
of the Composite, and is sometimes rather acrid; but the young rtmts and 
shoots, especially when cultivated, are often edible ; Rampions are the 
roots of Campanula liapunmlm ; Specidaria Spemlmn and other species 
have been used in salads. The Campanulas^ commonly known as Canter- 
bury Bells, Hair-bells, &c., are numerous in cultivation; and other genera 
have also handsome flowers. 
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Series 2. Supebje. 

Ovary usually superior (inferior in Vacciniece), 

EEICACEiE. The Heath Obheb. 

Coh. Ericales, Benth. et Jlodh. 

Diatjnosis , — Shriibs or some! lines herbs, with regular or nearly 
regular flowers ; corolla gamo- or poly- 

petalous, hypogyuousor epigynous{ F</C“ Fig. 406. 

ciniece ) ; stamens as many or twice as 
many as the petals of the *4-5-101x3(3 or 
4-5-p('taloiis eoroIljL, iV(3<;3 from th(3 corolla, / /ill 
hypogynous or ejiigvnous ; anth(3rs 2- ( J' ul 

c(illed, commonly with apfK.mclages, and 
opening by t(3rininal chinks or pon's ptjj 
(ligs. 404, 405); style 1 ; ovary Jl-lO- ^ 
celled; sc^eds small, anatropous ; (‘rnbryo | 
small or minute, in fleshy perisp(;rm. ll 

The Ericaceae are divisi1)l(3 into four 
very distinct JStiborders, w hich are some- PjK. 
times ranked as Orders: — lo 

1. Vaccjniea:. Nhruhby, or mort3 or less woody herbs, with an 
adh(.3rent (‘alyx, syinpetalouvs epigynous (‘orolla, (3])igynous stamens, 
2-pariod antliers opening by pores, containing 4-nate pollen-grains; 
the inferior ovary becoming a b(*rrv surmounted by the te(3th of the 
calyx. — 2. Einc.i>.K.Ai. Shrubs or small tre(*s, with a free calyx; 
a sympetalous or polypetalous corolla sjninging with the stamens 
from the recepia(ie ; anthers opening by jiores. — 3. Fyeole^. 
Woody herbs with (W'ergreeu foliage; calyx free: corolla of 5 
distinct hypogynous petals ; stamens hypogynous ; anthers porous; 
so(3ds with a loose cellular testa and minute nucleus. — 4. Mono- 
tropes, Fleshy herbs with scale-like leaves, destitute of green 
colour; calyx free ; corolla sym- or dialypetalous ; stamens hypo- 
gynous ; pollen simpl<3. 

Im^rsTRATivE Genera. 

Suborder 1. Vaccinteje. Oxycoccus, Tournef. ; Vacciiiium, X. 

Suborder 11. Ericineje. 

Tribe 1. Arruteje. Corolla deciduotts. Bruit succvlent. Bver^reen shrubs. 
Arbutus, Toutm. 

Tribe 2. Anduomedeje. Corolla decidmms. Capstde loctdicidal. Shrubs 
with permteat leaves. Buds muaUij scaly. Andromeda, L. 

Tribe fl, Erick-e. Corolla persisferUy often 4-merotis. Bruit not cap^ 
sidar. Buds not scaly. Erica, X. 



•S. Flower of Erica, 

1. Stamm of Erica, 
b. Stanw'n of Vaccinium. 
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Tribe 4. TIhodohe^. Corolla deciduotts. FVuit capsular, sepficidal. Buds 
scaly, cone-like. Azalea, L . ; llhododendrou, L . ; Ledum, X. 

Suborder III. Pybole^e. Cliimaphila, Pursk ; Pyrola, Tounief. 

Suborder IV. M(>notroi»e-e. Monotropa, Nutt . ; Scliweinitzia, Ell ; 
Ptercspora, Nutt. 

AfBinities, &c* — Tlie general floral formula is S 5 P 5 A 6 -f ^ in 

Vacdniece it is | S o P o A 5+5 G 5. The Suborders are connected by the 
general plan oi’ structure ; but the details are subject to wide variation, 
not only including synipeialou.s and dialypetalous conditions, but even 
bypogvnous and epigynoiis. By many authors these subdivisions are 
ranltecf as distinct Orders. The Vacciniecp, with their inferior ovary, 
stand, if s^'parated, among the epigynous Orders, near (hiuinaniilace.'P or 
Cinchon.aceae ; (xuistapieiitly they form a connecting link ne.tweciu the 
Oalyciflorals and ('orolliflorals, indicating tlie artificiality of this division; 
they fwen app(?ar related to the perigymuia Oalyciflorids by Escnllonirm 
in Saxifragacreie. Ertrinca; differ from tlu^ EaccimWc pniici])ally in 

the sup(.*rior ovary and hvpogynoua corolla; and the stamens are hero 
nwly if not quite hypogyuous, which, with the many-cel](‘d ovary, 
divides tln'in froni Gentiaiiaceae and allied Orders. 'I’he Ericmc(c are 
nearly allied to the J<]pacridaceai ; but the latter have l-iadhal anthers. 
The Pi/rolcrt have the si'pals and petals unm^ or hiss distinct, are more 
herbaceous in habit than the foregoing, and their seeds are riunarluibly 
different; P. aphi/lkt, a plant devoid of gre(*n colour, and with leaf-scales 
ill place of loaves, conmuds this Suborder witli Monotropcec, whicli, how- 
ever, differ in the dehiscence of the anthers, and in having the minute 
embryo at the apex instead of at. the base of tlie fleshy ])eris})(‘rni. Some 
doubt exists wlndluir the last Subord(*r an? really parasitiiad plants ; they 
grow among the fibrils of tlie roots of trees, and liave all tin*, appearance 
of parasites, hut may live on decaying v(‘g<‘.tablo matter. In habit they 
resemble Orobaiiclincojc ; but Ibis is not a sign of aliiiiiiy. 

Distribution. — A large Order, tbennuiibers of wliicb are generally diffused 
in temperate cliniatt's over heathy and boggy tracts, in subfil]»ine and 
alpine localities, all over the world —the llhododcndra especially in India, 
the Befaricc in South America, and the Heaths at tlu*. (hipe. 

Qualities and Uses. — The general character is astiingcmcv. The fruits of 
varioas Vacciaica* and Erincce are edible — as those Ox u coccus pahistrisim^ 
O. maeroenrpa (the Ihiropean and iS^>rth-American Oranbemesj, Vacci- 
nium Myrtilhi'^ (\\\Q Bilberry), V. Vifis-ldcm (the Rod Whortleberry), and 
V.tdiffinosum (the Black Whortleberry hispida 

(Tasmania) , &c. But others are dangerous or even narcotic poisons; and 
this extends to the foliage of such kinds, esperu ally speci(;s of Jthodt’- 
dendron, Azaka, Andromeda, Kahnia, kc. ITva- ( Jrsi leaves ( Arctastaphy- 
lo8 TJ L'a-U7'si) are mixed witli Tobacco by the North -American Indians, 
and are esteemed as astringents ; tho.se of some PyroletB, a.s Chimaphila 
umltellata, American Wintergreen, are used as diuretics. Oil of Winter- 
green, known as an antisposmodic agent, and used in perfumery, is 
obtained from the fruit of Gauliheria procumbens. A vast number of 
species of Erica, Ithododmidron, Azalea, &c., with numerous vaneties and 
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hybrids, are objects of cultivation on account of the peculiarity and 
beauty of their flowers. The}^ especially constitute what are called 
“ American Plants” by gardeners, the American Ithododemlra, Azahi^y and 
Xalmioiy &c. being tlioso which first strongly occupied the attention of 
florists. Some of the blast- Indian Itkododmdrons are epiphytes. 

EpACKri)A(':ic^2 are closely related to Ericaceje, but are distinguished 
by the one-cel led anthers opening by a chink ; the filaments are also 
commonly adlnn’tmt to t he corolla. The Order is commonly divided into 
two 'fribes : — 1. Styphelic^'e, with on(‘ ovule in each cell of the ovary, and 
fleshy fruits ; and 2. E])acre,'e, Avilh numerous ovules in each cell of the 
ovary, ajid. capsular fruit. Tliey are peculiar to Australia, the Indian 
nrcliij>eJago, and the South-Sea islands, occurring in great abundance, in 
the same way as tln^ do at the (hijHJ of Oood ilo])e. The^’^do not 

ap})ear to posse^ss any ac^tive ])r()perties : many of them bear succulent 
beiTies ; and some of them are eaten, as those of Li<santhe mpida, Aatro^ 
lama hmnifmamy the Tasmanian (h‘an))eTTv, ‘'tc. iNIany of the Kpacri- 
daceu) are in cultivation on account of the h(^auty of their floAvers. 


PLANTAdlXAdbLE are chiefly Inu’bs Avith undeA’eloped stems and 
tufts of leaves spreading more or h‘ss on the ground; iioAvers spiked, 
rf’gular, d-nnjroiis, tln‘ 4 stamens attaclied to tht^ tij)>e of the hypogynous 
dry and membranous sYmp(‘talous corolla, altt‘rnating Avith its lobes ; 
the fihunoiits long and shmder, and the. antliers versatile ; ovary simple, 
but spuriously 2- or 4-cel led by tiunporary adlierenee of the angles of 
the free central phu^etiia to tln^ walls ; ovnh^s 1, 2, or numerous, peltate; 
style and stigma simple, the lattfu* rarely chdt ; ca,|KNule membranous, 
dehiscence circumscissile ; seeds 1, 2. or many, p(Tisp(‘rniic; the testa 
mucilaginous. — Illustrative Genera: LittarvUdy 1 j . ; VlanitufOy L. 

Afnmtiefl, &o. — This ( )i*dtu' a]>p(?ars to lind its nearest relatives in Plum- 
baginactne and l*rimulacea^, from Avhieh, however, the position of the 
stamens, alternating Avith the lobes of tlie corolla, distinguishes it, in 
addition to other characters noticed uiid^T those Orders. The allinity 
tt) Amaranlhacem iind (4ienopo<liaeea‘ do(‘s jml appt^ar wtdl made 
out. Jlaron von Mueller suggests an ..flinity Avilli Loganiads. In Lit- 
torella there is a tendency to abortion in one or t)ther set of essential 
organs. 

Distribution. — A not A^ery extensive group, the species of which are 
geni^rully diffused, but must abundant in temperate ciiiuates. 

Qualities and Uses. — The foliage is slightly bitter and astringent. The 
seeds of many species of Plantatfo, such as 7^. PstfllitnUyai'CHaria, 

Avere niue.h used formerly on the Continent, under the name of Semen 
Psyllii and S. i’ulicaria', or Flea-soed, for making mucilaginous drinks like 
those prepared fri)m linseed. The seeds called Ispaghulm are the product of 
PUmtnpo dveumbens ; the spikes of the fruit of P. major are muen gathered 
in the green state under the name of I’hintain, for feeding caged birds. 
P. majar^ minors and lanvvolaUiy called Plantains or Koad-weeds, are 
among liie (XAmmouest of our weeds on road-sides, in meadows, and all 
undisturbed ground where the soil is not very light. They are sometimes 
grown for sheep food. 
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PLUMB A GINA (thk Thrift Order) consists of maritime or 

mounlain herbs or under-slirubs, often with undevelopod stems and 
clustered leaves ; flowers regular, 5-meroua, with a plaited calyx ; the 
5 stamens superposed to the sepai'ate petals or the lob<‘s of the 
petalous corolla ; tiie free ovary 1-celled, with a solitary ovule hanging 
irom a long funiculus which arises from the base of the cell ; styles b, 
rarely ^ or 4 ; fruit either utricular or dehiscent by valves above ; seed 
with* a si lu pin testa ami little perisjjerm. — Illustrative Genera: iStatieVy 
L. ; PlumhatfOy Toiuiief. 

Affinities, &c. — This Order is strongly cliaracterized by tbe peculiar at- 
tachment of its ovule : this, with the uuiuerous styles, separates it from the 
Ihimuhiceic, which it approaches in the position of the stamens and some 
other points; the same cliaracters, with the position of the stamens, distin- 
guish it from Phuitaginiicete ; and these marks, Avith the plaited catyx, 
isolate it from all the other (V>rollilloral Orders, among which it claims 
a place in spite of the occasionally dialypetalous or even apetalous con- 
dition. 

Distribution. — A rather large group; some Icincls ar(> found all over tin* 
world on the sea-shore ; otJunvs are more local in similar habitats, in 
sali-iuarshes and in saline steppes, while others, again, belong to alpine 
regions. 

Qualities and Uses. — I'he propc'rties are (‘itber bitter and astriug(ail, or 
acrid and caustic. I'Jie roots oi‘ ^tatiev iuiMiniana are ])ow(a’fujly astrin- 
gent ; those of IHamhaffo eurojum, zei/hnica, Hcandcus^ and others are \'ery 
active blisteriiig-ageuls when fresh ; that of 1*. rnrojuea is used dried as 
a remedy for tootlmclu!. 1\ tojicaria is said to furnish a poison in 
Mozambique. The GardiUi Tlnift {Armeria ), commonly used for 

edging, like Box, is said to be an active diuretic: Liie dried bowers are 
used for this purpose. Small dos<‘M of th<* root of IHunthaijo europr/‘u are 
said to act us an emetic, d'he. bowers i>f many of tlie Ibumbaginaceje, 
especially species of tStatiev, are very handsome, and imiuy ani cultivated 
ou this acct)unt. 


PIUMULACE/E. The Piumrose Ojider. 

Coh. Primulales, livnth. et Jlouk. 

Di(ujm$u . — Herlis vvitli ojiposib* or alb'cnato simple leaves ami 
regular, perfect bowers ; the starmms as in tiny as the lobovS of the 
sympetalous (rarely dialypetalous) hypOgynous corolla, and su[)er- 
posed to them in the tube ; ovary J-celh^l, with a free central 
placenta bearing numerous perispermic seeds, a simple style, and a 
capitate stigma. 

Character, 

Thalamus flat or slightly convex. Calyjc 5- or rarely 4-cicft, fre(5 
or half-adherent, regular, persistent. Corolla hypogynous, syin- 
petaious, and the limb regularly 5-, or rarely 4-cleft ; or more 
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rarely composed of separate petals, or absent. Stamem equal in 
number to the pcjtals or lobes of the corolla and adherent to 
them ; or in apetalous flowers hypogynous and alternating with 
the t(3eth of the calyx, Ouart/ 1 -celled, with a free central pla- 
CHjiita bearing many ovules ; sti/le single ; stvjma capitate. Fruit : 
a (japsule opening by valves, more rarely circumscissile (dg. 406), 
manv-seeded ; seeds peltate ; the embryo in fleshy perisperm. 

Fig. 407. 


Fig. 406. 


Cnpf»ul<‘ of opening by 

oiroumBoiwHilo tlehisct'iioe. 



Tolyanf hns : n, stamens exsorted, style 
included; ft, style cxsrrtcd, stamens 
included. (8c»*n in bection.) 




IlLItsTHATI VIO (1 KNETIA. 

Tribe 1. PraMUi/E.Ti;. Ovary free; capsule valvular; hilum ventral. 
I’vinmla, L. 

Iribe 2. AnaoalltdevE. Ovary free ; enpande opening transversely; 
hilum ventral. AiiagMllis, TounteforK 

'rribe 6. Ho'J'roiViKA:. Ovary f?re ; capstde valvular; hilum basilar. 
Affuatics. llotloiiia. 

Tribe 4. S.vmole^. Ovary semi-inferior ; c,apmle valmilar; hilum 
basilar. Snmolns, X. 

AfflnltieB, &o. — ^I'his is an Order wliicli strongly attracts the attention of 
Silructural iJotaiiisIs on account of the peculiarities and anomalies which 
it presents. It is one of those in which the free central placenta is most 
distinctly seeii, forming an exception to the very general rule of the 
pla(a3nta8 arising from the margins of the carpels' It seems to bo truly 
axial in most case.s, but in some monstrosities an appearance is presented 
as though the phicentiferous lines were detached from the edges and 
surfaces of the carpels and reunited into a central column. In the next 
place the position of its stamens opposite or superposed to the petals is 
an exception to the rule of alternation of the organs of successive flor^ 
wdiorls, explained by supposing an intermediate whorl of stamens to be 
suppressed (in favour of which may be cited the condition of Samolm, 
Jjysitntichia cdiat-ay and others, where five teeth, which may be abortive 
stamens^ alternate with the lobes of the corolla), or by the hypothesis 
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of chortsisj according to wliich the stamenfs are outei’owtlis from the 
petals. On the other hand, it has been urged that the petals are out- 
growths from the stamens and are not autonomous organs. In Sa7nohi!i 
we have the calyx partially adherent to the ovarv. In some foreign 
genera the petals are either nearly or quite distinct. In Trientalis 
europma the lobes of the calyx, corolla, and the number of stamens vary 
from 5 to 0. In Glaux the corolla is absent, and the calyx coloured. 

The ordinary floral formula w'ould be I *2 that of Samoltis 
" 1 ^ 

I S 5 r 5 A 5 + o (I 5. 

The relations to riumhaginaccfo are veiy close, both in the structure and 
the habit of many kinds, as between ^«</rasnf.*cand some lYimnUs and A?'^ 
meriff^ ^c . ; but the solitary ovule of that family is a distinctive character. 
The Prinuilaceaj are still nearer to the exotic Oi'der My rsinaceaj as regards 
the structure of the flowers ; but those are trees or shrubs with beiTV-like 
fruits, and have minor characttu’s of distinction noticed under that Order. 
They approach Solanacoje in habit, but not in structure. 

Distribution. — A considerable family, the species of wdiich are chiefly 
found in temperate and cold parts of tlie Norilit^rn liemisphen?, in alpine 
regions or on the sea-shore when in lower latitudes. 

QualltlGs and tTses. — The Cowslip {Printula verifi) and other species 
appear to possess Sialative properties. The Sidthmrllcp. are slightly purga- 
tive. The Cyclamens have a fleshy tuber whicli is more or less acrid ; 
and (^ijiinmm mropcevin is said to be a drastic puigative. Hic most r(i- 
niarkable quality is perbaps the beauty of tJje fluwcu’s, for which a great 
number are cultivated, especially species of Primula^ wliieh iiadudes tlie 
Cowslip, the Primros(; prt»per {P. rul(faris)y the Polyanthus, a gardmi 
variety of this, tJie Oxlip (i^ the Auricula (i^ Attrhnlay from 

the Alps), the Chinese Primrose (P. prcmifniii]^ tlie Japan Primrose ( P. 
japonicn)y &c. INI any dwarf species of Prhnuta and Andronace are “ alpine 
plants, as is also SohlancUa. Glaux and ISamolns belong to salt-marshes; 
Jloftmna to freshwater brooks, luiviug featluny submeiged hiuves; llio 
Lyshnnchioi mostly grow in wet places. Many of the genera are repre- 
sented in our natives flora ; while And rosace y Dodenrtheon, and Soldarudlay 
which are mostly alpine plants, are commonly cultivated. 

MYiifliNAOEJR are so closely related to Prinmlacea) in the structure of 
the flowers that no absolute character of distinction can be drawn there- 
from, since the imbedding of the ovules in the placenta, general here, 
occurs in several Primulaceous genera, for example in Anagallis. But tlie 
Myrsinaceae are of shrubby or tree-like habit, and their fruit is fleshy. 
They belong chiefly to the islands of the Southern hemisphere ; and some 
of them are cultivated in this country as evergrenm shrubs requiring pro- 
tection in winter. The seeds of some species of 'Theophrasta and Mprsme 
are nutritious ; and the berries of some plants of tlie Order are edible, 
although others are said to be cathartic. 

-^GiCEKACE.® include a genus of plants growing on sea-shores in the 
tropics, and rooting from the seed-vessels like Khizcmhoracea), and con- 
sidered to form a mstinct Order by some writers. JSgicera$ differs from 
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Myrsinaceas chiefly in havin?^ aperispermic seeds, a follicular fruit, and 
transverse dehiscence of the anthers. 

SAPOTACE.dil are trees or shrubs, mostly with a milky juice; leaves 
alternate, simple and entire (leathery and often rusty-downy beneath) ; 
flowers small, regular and perfect, usually in axillary clusters ; calyx free 
and persistent ; the fertile stamens commonly as many as the lobes of the 
short hypogynous corolla, and opposite to thorn, attached to the tube 
along with one or more rows of n}>pon<i;ifres and s(;ales or sterile stamens ; 
anthe.rs extrorse ; ovary 4-12-eell(‘d, with a single anatropous ovule in 
each coll ; seeds largo, usimlly perispormic. — Illustnitivo Genera : Chryso^ 
phyllum, L. ; Ism, undraw Wight; Bassia, Kdii. 

AfftTiWofl, Ac. — Allied to Myrsinaci'm, but distinguished by the placen- 
tation, anatropal tiles, and other important characters, — also to the 
Ehenaiioa^, which they rfisomhle in liahit; but tliey have a milky juice, 
and wood generally of a soft charac^ter ; other diiferenires also exist in the 
perfect flowers, sueJi as ereel ovuh's, simple styles, &c. 

Distribution. — A coiisitierable group. Chiefly tropical: Asia, Africa, 
and AnuTica. 

Qualities and Uses. — The plants of this Order are valuable for succu- 
lent fruits, fcibrifiige hark, oleaginous sirreiions, and peculiar gum-resins in 
the milky juices. Of ilu'. fruits, the Sapodilla bliim (Aohras Sapotd)^ 
the Marnialado {A. 'inamtnoxa), tlie Star-ap])le ( C/tn/sophyllmn CainiPi)^ 
and the Surinam Medlar (Mimmops Blaufi) are the most noted. The 
bark of various species of Achraa has been used as a substitute for Cin- 
chona. 'fhe fruits of Jiassia htdyracm and B. lonyifolUi yield a butter- 
like oil largely usc'd in India; anothm- spiadis in Africa is said to yield 
the 81nia or Galam butter meutioiu'd by travelhu’S. Imnaudra G'uita is 
tht* tree from wliich Gutta Perch.a is obtained, by evaporating the milky 
juice. 1’ho seeds oi Anjania SidvriKiylun contain a valuable oil. 

EBE^>^ACE/E are trees or shrubs with alternate entire leaves, without 
milky j» lice; flowers regular, polygamous, with the calyx free from the 

-12-e(‘lled ovary; the slaiiKuis twice 'r four tim(‘s as inaiiy as the lobes 
of th(^ corolla, often in pairs before them ; anthers introrse ; fruit a several- 
celled berry ; ovules 1 or 2, suspended from the summit of each cell ; 
seeds large," perispermic ; radicle superior. — Illustrative Genera : Boyena^ 
L. ; DiospyroSf L. 

AfUnltles, fto. — The Ebenacem are distinguish(?d from the Sapotaceoe by 
several iu'portant characters noted under that Order; on the other hand, 
they approach the Aquifoliacea^ in many points, hut are separated by 
their strongly coliereiit floral envelopes, usually numerous stamens, and 
twin ovules, itc. To tlie ( lleacefu they are allied by the placentation and 
other points ; hut the alternate leaves, more numerous stamens, and com- 
monly diclinous flowers alibrd very marked distinctions. The Styra- 
cacem are also very near to this Order, but frequently have an adherent 
calyx, petals less coherent, and a simple style with a capitate stigma. 

Distribution. — A considerable group, the members of which are dis- 
tributed mostly in tropical India, but a few are scattered elsewhere. 
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Qnalitiefl and Uses. — ^The principal property which has been noted in 
these plants is astringency; hut they are tetter known and far more 
important on account of their hard and dark-coloured wood, the heart- 
wood of many species of IHospyros constituting Ebony : D. JEberms yields 
it in Mauritius ; 1), MelmioxyUm on the Coromandel coast ; JD. Ubenaster 
is the bastard Ebony of Ceylon ; and D. hirsuta has a variegated wood 
called (Salamander. "Other species are also used. 1). a North- 

American species, bears the fruit called Persimmon or Pate-plum, which 
is astringent when ripe, but is eaten after it has beeu aflected by frost. 
Liospyros Lotos (Europe) and I). Kaki (China) have also edible fruit. 

AQlIIFOLIAt^E.E on 1LICA(-E^d5 (tiik Holly Oudeb) comprise 
trees or shrubs, with small axillary 4-()-merous floweis, sometimes dicli- 
nous by abortion ; a miiuite corolla free from the 4-()-celled ovary and 
the 4-0-seeded berry ; the stamens as many as the divisions of the almost 
or quite divided 4-<)-]Hdalous imbricate corolla, alternate with tJjem, 
attacJied to the very bjise ; ovary 2-(>-ce]led; cells with 1 ovule; stigma 
almost S(^8sile, lobed ; Iriiit siieeiileiit, winj 2-() stones; seeds suspended, 
with copious tlesiiy perisptain ; radicle siipcjdor.— Illustrative (lonera ; 

L. ; Pri/ios, L. 

Affinities, &e. — Theatlinitiesof Aqiiifoliacefe to Ebeiiacea^ and Sapotacem 
have been noticed under those Orders. Senue authors coiisi(h‘r them re- 
lated to IJhamnacea'- or ( V;lastrae(«e ; but their synt])(*talous corolla, 
want of disk, straight emhryo, hjkI tlnar Vidations to Eb(‘nace<T, as wt‘ll 
as the difference in the ovary and seeds, rein(»ve them fnnn the immediate 
neigiibourhood of llioso Orders. On the other hand, they exhibit some 
ap})roacIi to Loganiaca <e and Apoeynace;e. 

Distribution. — A small Order, -widely seatt(‘red, but sparingly. Ilex 
Aquifolinm, the Holly, is the only European species. 

Qualities and Uses. — PIu? hark is ordinarily astringent and tonic, and 
that of the (h)miiKjn Holly is csteem<*d a fehi’ifhge ; its hcnie.s produ(te 
emetic and purgative aefion ; its leaves and still nnu'e those oi Ik x par 
ymiyeusU^ called Mate or Paraguay Tea, reseinbli; Tea in property, as is the 
e;!,se also u'ilh Pn'noH ylfthnu a Nortli-Aincriean sbruh. Other species of 
IliX are also used h)rthis ])nrpose in iSouth Ameriea,. Tini vi.sfdd subslaiico 
called Jlird-lime is made from the bark of the Holly ; and its close white 
wood is valued by ciibinet-inakora. 

STYIT'Y"^AC,hLP] are remarkable among tlitr Orders here plac(?d near 
it for the incoinstHiiey of the character dependent on the adhesion of the 
calyx ; Miers divides it into two, Symplocacea‘ and Styracacea*., separated 
by this mark, }>y the estivation of the corolla, and other ])oinls. It is com- 
monly regarded as related to Ebenaceie among the ( %)rollifl(jral8, and also 
to Auranliacete and TernstroeiniaceLe among the Thalarniiiorals ; while 
Lindley connects it with Celastraceae through Sapotacea3 : others point 
out a resemblance to Philadolphaceae. 

DisMbution. — Scattered sparingly in the warm regions of Asia and 
America. 

QuaUttes and Useg. — Bitter and aromatic, sometimes containing a pun- 
gent resin. Gum Benzoin is obtained from Styrax Benzoin in the Malay 
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archipelaj^o ; Storax from St. officinale in Syria ; other species yield similar 
rosins. Symplocoa furnishes dyes or mordants ; the leaves of S. iinctoria 
(Sweet-leaf, or Horse-sugar, North America) art^ sweet, and are eaten by 
cattle. Jlakma tetraptera, another North-Aniericaii plant, is called the 
Snowdrop tree on account of its numerous white bell-shaped blossoms. 

The following Orders, sometimes placed in this subdivision, are of 
doubtful position, or rather their affinities are very various : — Olacackas 
constitute an Order of trojucal troths and sJiriibs, often climbers, apparently 
nearly related to iSantalacoa;, but having distimrt, randy united, petals 
and a free ovary. The stamens are frequently superposed to the petals. 
— JcAC!iNA('EA<3, se])arated from the preceding fcy Miers and Jilichler, have 
the stamens altiirnate wdlh the ptiials. In both the aistivation of the 
petals is vnlvate; while Oviiili.ackac, a group of American shrubs, have 
imbricate, petals and a tlisk surrounding the ovaiy ; they are placed next 
Aquifoliaeea* by llentham and Hooker. — IJuMjJtiArr'.A^ are tropical Ame- 
rican trees or shrubs with balsamit; juice, fret' petals, and inonadelphous 
stamens, each having an enlarged fleshy connective : tliey appear to be 
related to the Olacaeea^ and Linaceaq having also affinities to the Styra- 
cacea> and Auraiithuaia}. Tlie systematic ])osilion and, in some cases, the 
exact limitations of these groups is unsettled ; as is also that of Cankl- 
J.AC’EAJ, a little group of plants connected with (fiusiacem l)y some authors, 
by otluu's with Ulacacoa} and their allies, placed by Jlentham and Hooker 
near Rixacom and Viohutea*, hut more nearly uHledin structure and bitter 
aromatic properties to Alagnoliacea*. 


Series 3. I) i c a R p i .e. 

Ovary usually sujH'rior. Stain<‘us alternate aiul isomerous with 
the lobes of tlie (‘(u*olIa or fevv(*r. Carpels 2, rarely 1-3. The 

typical forimila is 8 o | P o A 5 U 2. 


OLEACKHil. The Olive and Ash Order. 
CWi. Jasminales, limth. et Hook. 


Diagnosis . — Trees or shrubs with o])posite and pinnate or simple leaves ; 
flowers with a 4-ck‘ft (or sometimes 


obsolete) calyx j a regular 4-cleft or 
nearly or quite 4-divid(‘d, hypogyiious 
corolla, the lolx'S of which valvate 
in the hud, or sometimes apetalous; 
stamens 2 -4, mostly 2, jind flower than 
the lobi‘s t»f the itorolla (figs. 408, 400) ; 
ovary 2-cell('d, with 2 suspended ovules 
in each cell : fruit fleshy or capsular, 
often 1 -settled by abortion j seeds with 
abundant fit shy peris jierm ; radicle su- 
perior. — Illustrative Genera: Tribe 1, 
OLKiE. I^Vuit ffieshy. Olea, Tow'nef. 
Tribe 2. FiiAXiNEiE. Fu'uit di'y^ some^ 
tinm eamaroid. Fraxinus, Totmtef, 


Fig. 408. Fig. 409. 



Fig. 408. Diagrum of flower of Lilac 
(Ayrirtffa) : x, bract ; a, a, 
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AiBnitles, & 0 . — The relations of this Order are rather obscure. Some 
authors connect them with the Jasminaceae ; but although some of the 
genera approach that Order in structure, they appear to be distinct in 
their valvate corolla, adnate (dorsitixed) anthers, pendulous ovules, and 
tlie nature of the perisperm. Tliey ore also related to Apocynaceai and 
liubiaceje. The Salvadoracea^ ai'e also to be regarded as a neighbouring 
family. Lindley thought the Order allied to SolanacesB. 

Distribution. — A small Order, the members of which are chiefly found 
in temperate climates. 

Qualities and Uses. — The most important plant of the Order is the Olive 
{Olm europtm)^ so larg(dy cultivated for the bland oil expressed from the 
fleshy pericarp, 0mm europoia, O. rot undi folia ^ and Jbraxinm cxeclsm' 
havtj a swe.et juice which hardens into the substance called Manna. 
f'ra.nnm e.vcehior is the comniou Ash-tree, so valuable for its tough 
wood ; it only produces Mauiia in a warmer climate than Britain ; its 
bark, as well as that of the Olive and Ciarden Lilac {St/rmga vulf/ans)^ 
has decided febrifuge qualities. 'J'ho leaves of the Ash act like senna. The 
flowers of Olca frupram wen^ formerly used in C^hina to flavour Tea. This 
Order contains se.veral of the commoiujst flow*oring shrubs of our gardens, 
the Lilac {Symupt)^ Ihivet {Liymtrnm) j Iddllyma^ CkioiumthuSj &c. 

JASMIN.\C-E/b]. — Tlie .Jasmine Order consists of slirubs, often with 
twining stems; h'aves oppositC3 or alternate, mostly com})()und ; calyx 
and corolla hypogynons, o-8-part(*d, corolla inihricatod in the bud; 
staimuis IJ, projecting from the tube of the corolla ; ovary superior, 2-lob(3d, 
2-celled, with 1-4 erect ovules in each cell ; fi*uit a berry or capsule ; 
seeds with little or no perisj>erni, radicle inferior, — Illustrative Genera: 
Jamiinum, L. ; NyetanthvH^ Juss. 

Affinltleg, &e. — This Order is distinguished from the Oleacemby tlio im- 
bricated {estivation of the corolha, tin; en‘ct ovules, and the small quan- 
tities of pcirisperm in the scaals, besides the number of the organs in the 
floral envelopes, wliich is seldom a multiple of the stamens: most authors 
place it near (tleacea', others near Apocynaciife and Ebenaceaj ; but 
Lindley thinks it luis little connexion with them, and really approaches 
more closely to Verbeiiaceie. 

Distributiou. — Tlie Order is not very extensive ; the major part of the 
plants are East-Iudian ; a few occur scattered, two even in South Europe. 

Qualities and Uses. — The leaves and roots appear to possess a certain 
acridity ; but the most remarkable quality is the fragrance of the flowers 
of many kinds, from the presence of a volatile oil. Jammnmn ojfficinaley 
J. yrandiflorum^ and J. Samhne especially yield this. Nyctanthes Arh/r^ 
truiiiji is also exceedingly fragrant, but in "tlie night-time only ; its corollas 
yield an orange dye. 

S ALVA DOR AC are a small Order of shrubs or small trees with 

opposite leathery leaves, panicled small flowers; calyx, corolla, and 
stamens 4-iuerous, hypogynons ; ovary superior, 1 -2-celled ; stigma 
sessile; ovule 1-2, erect; fruit fleshy, 1-seeded, and the seed without 
perisperm. — It is related by its 4-nary structure to Oleacese and to Plan- 
taginaceee, having a membranous corolla like the last ; also resembling 
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Plumbaginace® in habit, Baillon points out an affinity to Celaetraceae. — 
The species are found in India, Asia Minor, and North Africa. The most 
important is Salvadora persica, supposed to be the Mustard-tree of the 
Bible, its fleshy fruit having an aromatic odour and tasting like garden- 
cress. The bark of its root is used in India as a vesicatory. The leaves 
of <Sf. indica are purgative. 


LOGANIACE^.. 

CoK Gentianales, Benth. et Hook, 

Diagnom. — Trees, shrubs, or herbs with opposite leaves and intei’posed 
stipules sometimes reduced to an clevatt'd line or a ridge ; calyx 4-5- 
cleft; corolla hypogynous, ganiopetalons, regular, 4-, 5-, or 10-cleft, val- 
vate or contorted or imbricated in aestivation ; stamens springing from the 
corolla ; ovary superior, usually 2-celled ; style divided above into as 
many lobes as the colls of the ovary ; ovules numerous or solitary ; fruit 
capsular, 2-celled, wdth tluj placentas tinally detached, dru])aceous, with 
1 - or 2-8eeded stones, or baecat(i with the si*eds immersed in pulp ; seeds 
with a straight embryo in fleshy or cartilaginous perisperm, sometimes 
winged, mostly peltate ; emhryo straight, 3’adicle inferior. 

Iliatrtiiative Geneiu. 

Tribe 1. Gelsenieje. Corolla4ohefi imhricak ; style hijid; stigmas hternl; 
fruit capsular, Gelsenium, Juss. 

Tribe 2. EiT-IiOnANiE. 353 . l^tylc simple : stigma terminal ; ovules numerous 
in each cell of the ovary, ypigelia, X. ; Ruddleia, X. ; Desfontainea, 
Buiz et }\ ; listeria, Willd . ; Strychnos, X. 

Tribe G^rtneuejg. Style hi/id; cells of ovary ^-ov^date ; corolMches 
valmie, Gfertnera, X. 

Affinities, &c. — This Order was formerly associated with Apocynaceae and 
the neighbouring Orders ; but, as remarked by Bontham, it consists, on the 
whole, of Uubiacen3 with a free ovary, at tlje same time approaching, by 
• ceitain of its diverse forms, some of the giuiera of several of tlie Gorollifloral 
Orders even more nearly than tlie general mass n])proach Jtubiaceae. To 
Apocynaceae, which are very near in general structure, some genera, such as 
GmiosUmia, which has contorted aestivation of the corolla, and Mitrasacmef 
where the carpels are partially distinct below and united above, approach 
very closely ; Mitrasacme mdi Mitreola were formerly arranged as doubtful 
Gentianaccne, and Fagreca and Potalia approach still more nearly, the 
former greatly resembling Lisianthns in character, while Buddleia and its 
allies have been referred to Scrophulariaceae until lately, but are brought 
into this Order by Bentham, since they cannot be separated from Logania, 
The main diflereiice from Apocynacese lies in the stipules ; but these are 
sometimes reduced to a mere line connecting the leaves : the peculiar 
stigma of that Order alFords another means of separating them ; and the 
Apocynacefe often have hypogynous glands, which the Loganiaceae have 
not. From Gentianaceae the distinction lies generally in the stipules and 
the axile placentatiou ; occasionally the succulent condition of the fruit 
is required as a decisive mark. F^om the Scrophulariaceae the stipules, 
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the regular corolla, the ajjreement of the number of stamens and lobes of 
the corolla, and quincuncial sBstivation divide Loganiacese in most cases ; 
and although the aestivation and the regular corolla occur sometimes in 
the former Order, there are then usually alternate leaves and no stipules. 
As observed by Bentham, this is hardly so much a Natural Order as a 
receptacle for anomalous forms of several really natural groups, Itubiaceae, 
Apocynaceic, GentiaiiaceaB, &c. 

DistrEmtion. — ^A rather large group, the species of which are chiefly 
tropical, but some are found in North America and Australia. 

QualltleB and TJges. — The plants belonging to this Order have mostly 
powerfiil poisonous properties, in particular the genus Sfrjfchnos. S, 
bears the seeds known by its name, so noted for tlie presence 
of Strychnia. S. toxifem is said to furnish tlie active ingredient of the 
celebrated Woorali poison of Guiana. 8. cogmn is likewise used to poison 
aiTOws in Central America. S. Timte (the bark of the root) yields the 
Java poison called Upas Tieute. Many seem to be free from strychnia as 
regards the bark ; for that of S, PsmfhKpiina is used ns a substitute for 
Cinchona in Brazil,1hat of S.NuX’-i'omica also, and the wood o^S. li(/mtnna, 
called Lignum colubrinum. S. potatorum, an East -Indian species, is called 
the Cleai*ing-nut ; and it is said that, when its seeds are rubbed round in a 
vessel containing muddy water, it causes tlie impurities to settle. The 
seeds from tlui Pliilippines, known as 8t. Ignatius’s Beans, have been 
described as the seeds of a jdaut called l(jnutia amara ; luit are pi*obably 
those of an unknown Stn/chnos, perhaps multijiora^ whiidi gi'ows on those 
islands. 1’he species of Spipelia arc* acro-iiarcotic ; S. marilamlica, tlie 
Carolina Pink-root, and S. Anihehnia are us(‘d as vermifuges, but are 
somewhat dangerous, sometimes producing spasms and even convulsions. 
Potalia amara is bitter, acrid, and emetic. 

GENTIANACEAL The Gentian Oedee. 

Coh. Gentianales, Benth, et Jlooh, 

Diapnosu . — Smooth hcirbs, with a bitter juice, opposite and 
sessile?, mostly simple, entire, and strongly ribbed leaves, \tdtbout 
stipules ; flowers regular, with a persistent calyx, with stamens as 
man}^ as the lolx?s of the usually witbering-persistent corolla, and 
u hich are convolute (rarely imbricated, and sometimes valvate) in 
the bud ; ovary 1 -celled, with tw o parietal placentas, projecting 
more or less toward the centre ; the fruit mostly a 2-valYed, septi- 
cidal, many-seeded capsule, sometimes with a fleshy pericarp; 
seeds small ; embryo minute in the axis of fleshy perisperm. 

Illustrati'stk Genera. 

Tribe 1. Exace.®. Corolla-lohes emdorted dextrorse ; ovary ^^ceUed* 
Exacum, X. 

Tribe 2. Chirontej®. Corolla-lohes dextrorse; ovary \-cellcd. Chironia, X, 
Tribe 3. Swertje.®. CoroUa'-lohes contorted or unhricaU ; ovary X^celUd ; 
style short, Gentiana, X, 
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Tribe 4. Menyantheje. Leaves radical or alternate / e^oIMohes tndu* 
pHcate-valvaie ; ovary 1- celled, Menyanthes, Z. ,* Villaraia, Vanl, 

AfiStoltles, Ac. — Tills Order stands very near Apocynaceee, from wMcb it 
dinars in its plaeentation and completely coherent carpels, habit, ivant of 
milky juice, and other points. The parietal placentas distinguish it from 
the Scrophulariacem and allied Oi’ders, which sometimes show an approach 
to the regular structure of Gentiauaceae. Gesneraceae dider in their irregular 
flowers, axile embryo, and other characters. An affinity exists to Oroban- 
chacese, especially through Oholaria^ a N.-American plant formerly re- 
ferred to that Order, Vm/ra, a pamsitic leafless genus, and some allied 
forms lately discovered in South America, while Crowfurdia^ a twining 
genus, seems to connect tJie Gentianacefc with Convolvulacefo. 

Distribution. — A. large Ovdcr, generally diffused — the large genus Gen^ 
tiana especially inhabiting the mountains of temperate and hot climates, 
but not in polar regions. 

Qualities and Uses. — Bitter, tonic properties are g(>neral ; a few are 
emetic or narcotic, espt'cially when Among tlie bitter kinds medi- 

cinally employed are the Gentians, G. hdeu (officinal), pimctata^pnrjmrca^ 
pannonka,ii\\ fAivopean, GA'ideshm (II.S), Awrroo (lTiiualaya),i')v/.sTrrt 
Walteri (Ik8), Ayaihotes Chirai/ifa, a native of the Ilimalnyas." Eryfhrcpa 
Centaurmm, Meuytvufhea irifoliafa^ (Jhlora perfoHaia, Gentiana ca'tiqyedris 
and ximarvlldj all British heih-;. Isavo been Uvsed in the same wav* The 
plants of this ( Irder mostlv have heutitifiil flowers, brilliant blue predomi- 
nating. hut red, white, and pnipk^ and ui(»re rarely yellow occurring. The 
Geutianella of our gardoiiH is G, acKmlh; and the smaller Gt'ntiaiis are among 
tJie most beautiful of Alpine plants, ll/larsia nympliccoiclcs is an elegant 
W’atcr-plaiit occurring in Brilaiii. Linuutvilumtinuy an exotic genus, is also 
aquatic. 


A 1^( )CYK AC l) 0 G-r..vN: 

Cvh. Gentiainiles, Iknth. et Ilouh. 

Diaynosis , — Plants wi(h milky acrid juic(\ entire (mostly o])po- 
site) loaves, without slijmles; How< - s regular, r)-ineroiis 'and 5- 
androus ; Iho »> lobes of the corolla coin oliite and tu isted in the 
bud; the iilametds distinct, sju-inging from the corolla, and the 
pollen granular; oAary or more rarely 1 -celled, composed of 2 
carpels jjioj’o or less coherent in the ovarian aiid styhi-r region and 
(juite hJen(l(‘d in the druni-sluiped or diimb-hell-sliaped stigma : 
OA'uIes niuiiorous ; fruit 1 or 2 follicles, a ca])sule, dru])e, or berry ; 
seeds mostly with fleshy or cartilaginous perisperm, often with a 
tuft of hairs at the top. 

Illfstbative Geneba. 

Tribe 1. C^btsseje. Anthrsi free ; avanf entirv, Allainanda, X. 

•l^ihe 2, 1 i.i iMiEBiEAiJ, Anthers free^ ivxihifut iippeuduycs i ovcirics "free i 
styles uniicd. Vinca, L. ^ j ^ 

Tribe A kiCniTinEjR. Ant her-ceUs with appe^idayes at the base i croai'ies 
free ; styles united. Nerium, L. 
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AjSnities, ftc. — Related closely to some Loganiacese and to Gentianaceje^ 
as noticed under those Orders — also to Asclepiadaceae^ from which they are 
chiedy distinguished by the freedom of the stamens from the stigma and 
hy the granular pollen. The thickened stigma, however, and appendaged 
anthers found here indicate a close relationship. Alyxia has ruminate 
perisperm. 

Distribution. — A large group, the species of which are chiefly tropical, 
a few scattered in temperate climates. Vinca occurs in Bntain. 

Qualities and Uses. — Often violent poisons, acting as drastic purgatives 
and emetics, sometimes with a narcotic influence. Not a few, however, 
have delicious edible fruits; and the bark of some is tonic and febrifuge. 
The milky juice contains Caoutchouc, in some cases suflicient to become 
commercially valuable. The poisonous principles appear to occur chiefly 
ill the seeds and in the milky juice. TJie seeds of Tcmghinia vcnmifera, 
the Madagascar Poison-nut, are very deadly, as are also the seeds of 
Cerbcra^ ThevvUay Canieraria latifoUa (the Bastard IVIanch ineel), the 
stem, root, leaves, and flowers of Nermm (the Oh^ander), Echitcs, 
Plumiera, &c. Where somewliat milder, as in Apocgnum and Allanmnda^ 
the plants are occasionally available medicinally, but only in small doses. 
Wrifjhtia (mtidymitericay some species of Cunmif JIancornia puhescmSf 
and others are simply bitter and lebrifuge, like Gentians. The succulent 
fruits of llanoui'nia ttpecumi (Brazil), Carissa Canindas and edulis (East 
Indies), lloupdlia yraia (Hierra T-ieone), are not only harmless, but ver^ 
delicious. Caoutchouc is obtained from JJrccola idadicay WiUuyhheia 
edtdi^ (East Indies), Vahm yummifn'a (Madagascar), VoUophora utUw 
Cameraria latifolia (South America), also from s])ecies oH Laiuhiphia and 
llancornia. The milky juice of Tab(^rn(p/mont(tna Cow-tree of 

Demerara, is innocuous aud nutritious. Wrighiia tinrtoria furnishes a 
kind of indigo; and the wood of species of Wvuihtia (East Indies), 
Asindosperma (Guiana), kc, is valuable as timber. The bark of Ahtonia 
scholaris is recommeiKled as a tonic aud an1i]>eriodic. This Order 
furnishes some of our most beautiful stove-plauts — Echitos^ AUamanda, 
IHpladetiiuy Ne^'ium, Phunlrra., kc. foriniiig slrikiiig oniameiits in every 
extensive horticultural collection. 


A^CLimADACEJE, 


Coh, Gentianales, Benth. et Hook, 

Duujnosis , — Shrubs or herbs, often twining, wTth milky juice, 
opposite or whorled (rarely scattered) entire heaves without stipules: 
flowers regular, 5-inerous, 5-androus, the lobes of the corolla mostly 
valvate ; fllaments springing from the corolla-tube, united into a 
tube, and often prolonged beyond and beliind the anther into horn- 
like processes constituting the corona; carpels 2, distinct, or 
coherent below ; stigmas coherent into a 5-angled fleshy head, to 
which the anthers are adherent (fig. 410); pollen coherent into 
wax-like or granular masses ; ovaries with numerous ovules on the 
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sutures ; fruit a pair of follicles, or by abortion 1 ; seeds mostly 
with a crown of hairs at tlie hilum, with thin perisperm. 


Illustrative Genera. 

Suborder 1. Periploceje. l*<dkm grnntilar ; anthers acuminate. Peri- 
plocMi, L. 

Suborder 2. A.sclepiadk.e. Filamcnffi vniivd into a tube, pollen inivaxy 
coherent poUinia. Asfli‘pia^, L. ; Hoy a, 11, Br, ; Stapelia, L, 


Fig. 410. 



a, Ylomer oi Asclepim pvrpurmefm X ft, a vertical soetion, with the petals removed; 
c, side vi<‘W of a stanion; d, inside view of au anther (/>, pollen-sac); e, two 
pollen-maases ; /*, cross section of the ovary. 

Affinities, &c. — The genera are farther grouped into tribes and subtribes, 
according to the nalurii of the anthers and pelliiiia. The curious organiza- 
tion of the stigma and pollen is the great distinguishing feature of this 
Order, which in other respects is closely allied to Apocynaceaj. When the 
pollen is mature, it escapt^s in polleii-masst's ” from the anthers (fig. 410, e), 
and adheres to gelatinous processes developed on the sides of the stigma, 
which retain it, so that it can push its pollen-tubes into the lateral mid 
inferior stigmatic surfaces ; after fertilization, the stigma with the ad- 
herent anthers and filaments separate from the style and leave a pair of 
distinct carpels, whicli ripen (one or both) into free follicles. 

Distribution. — A large Order, mostly tropical, in Asia, Africa, and 
America; one or two species occur in Europe, and a few in North 
America. 

Qualities and Uses. — Generally I'esembling the Apocynaceae ; but the 
active properties are not so much developed, and the succulent fruits do 
not appear here. Species of Asclepiasy Cynanehum, Calotrofm (Mudar), 
Tylophora, and Periploca are more or less emetic or purgative ; the leaves 
01 Solenostemnm Arghel and Gomphocarpus fruticoms are frequent adulte- 
rations in Alexandrian Senna, and are said to cause griping. The roots 
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of Hemidesmus indtcus are used as a substitute for Sarsaparilla. The 
milky juice of Cynanchum ovalifolium yields Caoutchouc at Penang. 
Marsdmia tenacmima and Orthanthera vhnima^ East-Indian plants, afford 
very tenacious libre ; Marsdmia tinctoHa a kind of Indigo. The ^apelicB 
and Ceropeyifs are remarkable for their succulent habit ; some of them 
form curious tubers, as Brachystelma. Hoya partakes of the succulent 
habit, but has wax-like leaves and blossoms, sometimes very handsome. 
Disehidia is remarkable for its pitcher-leaves. Gymnema lactifera is the 
Cow-plaiit of Ceylon, which yields a milky juice, harmless and nutritious, 
and which is used by the natives as food. 

llYDROPHYLLACKiE form a small Order, allied in some respects to 
Boraginacofc, but differing in their one-celled many-seeded ovary with 
parietal placentatioii, whicli also separates them from Polemoniacere, with 
which they have many points of agreement. They are chiefly natives of 
the north and extreme south of America. Their properties are unimportant ; 
but species of st)me of the genera, as Nemophiluy BniocUy &c., are interesting 
and 8h<nvy garden plants, grown with us as tender annuals. Hydroleads 
are sometimes separated from this Order by reason of their distinct styles 
and anatropous ovules. 

DiapensiacKuE consist of two genera, Diapensia and Pyxidanthara^ 
each having one species. They are connected with Coiivoivulacefc by 
some authors, but appear to stand Ix'tweeii llydrophyllacea) and Pole- 
moniacea?, having a .‘1-colled ovary like the latter, and a lilifonn embryo 
with very short cotyledons, approaching that of the former. Tliey are 
very closely allied to Kricaceaj, but the anthers do not open by pores. 

POLEMONIACE^ (the Phlox Order) consists of herbs with 
alternate or opposite leaves, regular 5-merous and 6-androus flowers, the 
lobes of the corolla mostly convolute (sometimes imbricated) in aestiva- 
tion ; ovary 3-celled, style 3-lobed ; the capsule 3-celled, 3-valved, few- 
er many-seeded ; valves usually breaking away from a triangular central 
columella; seeds perisperrnic ; embryo straight; cotyledons elliptical, 
foliaceous. — lUustmtive Genera : FhloXj L. ; Polemmiiumj Tournef. ; 
Coboea^ Cav. 

AfiBinities, &c. — ^One of the smaller Orders ; it is remarkable for its 
S-celied ovary. It is nearly related to Oonvolvulaceae, Cobcea agreeing 
even in the climbing habit ; the ovary equally distinguishes it from these, 
the Ilydrophyllace«'e, and the GeutianacesB, to all of which it has close 
atfinity. From Diapensiacete it differs iu the regular calyx and insertion 
of the stamens, as well as in the embryo. The seeds are remarkable in 
many cases for hairs upon the testa containing a spiral flbre ; in Collomia 
these expand elastically when wetted ; in Cobesa they are short, broad, 
and Arm. — The Polernoniaceai occur most abundantly in the temperate 
regions of North and South America. Polemonium ceertUmnif Greek 
Valerian or Jat^ob’s Ladder, grows in the north of England, and is common 
in gardens. The other genera furnish some of the favourite tender peren* 
nial and annujd herbaceous plants of our gardens. They have no im- 
portant properties. 
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Fig. 411 


CONVOLVULACE-E. The Bindweed Odder. 

Coh. Convolvulales, Benth. et Hook, 

Diagnosis , — Chiefly twining or trailing herbs, sometimes leafless 
and parasitic, or shrubby and erect, often with some milky juice ; 
with alternate leaves (or scales); 
flowers regular, 5-androus ; calyx of 
5 imbricated sepals, the 5-plaitiKl or ^ 

5-lobed corolla convolute or twisted in ™ 

the bud; ovary 2- celled (rarely 3- 
celled), or with 2 separate pistils, with 
2 erect ovules in each cell, the cell 
sometimes doubled by a false partition 
between the seeds, thus falsely 4-celled ; 
embryo lirge, curved or coiled in inu- 
cilagii ous perispenn, with foliaceous 
cotyledons, or {Cascati'ce) iiliform and corolla of 

coiled with the cotyk'dons scan'cly Tier- Eitr. ni'. Plicate tpstivation of the 

-- - -- - - m j* 'i • corolla, of Convolvulus. 

—illustrative 

Oascaia, Toiinud. 



coptible ; radicle inferior.' 
Genera : Convolvulus, L. ; 


Affinities. &c. — This Order approa(‘h(*s the regular symiietaloiis Boragi- 
naceai, Polemoniacoai, and allied Orders; the structure of the ovary 
separates it from the first-, the curved emhrvo and the fruits from the 
second. Cimlias also differ in their nperispt‘rmi(; seeds and superior 
radicle. Some of the Convolvula(U‘{e are of shrubby habit, and ch'part 
widely from the appearance with which w(* are most familiar. Cuscuta 
is sonietimtis made the type of a distinct Order ; hut the parasitical habit 
is not a sullitdent character. 

Distribution. — A large Order, of wliich a few species occur in temperate 
climates, but the majority belong to the tropics. 

Qualities and Uses. — A purgative property generally characterizes these 
plants, among which are several yielding important medicinal substances. 
True Jalap is the root of Brogimiinn Bunja, Scammony of Convolvulus 
Scamnwnia ; Pharhitis catharfiva and Ipitviiva fuhet'osa yield a similar 
substance. The white hedge-Con volvulus {Calysfegia se2num) has a 
similar action, as also various Ipomare and Convolntli, the active matter 
being a kind of resin existing in the milky juice. The seeds of Bharhitis 
NU (semen Kaladanae) and /*. cxenUea are also used as purgatives. On 
the (»ther hand, Ipomwa edidis forms a large fleshy tuber, which is widely 
cultivated and eaten under the name of the Sweet I’otato, and Ipomcva 
macrorhxm has edible farinaceous roots. The twining and trailing plants 
of this Order are mostly remarkable for the beauty of their flowers, and 
many of them are cultivated; the garden Major Convolvulus is Pharbitis 
purpurea, the blue Minor Convolvulus is Convolvulus tricolor, Convdvulm 
arvenm, Bindweed, grows everywhere, on the f»round, rooting at the 
nodes ; C'. Soldanella grows in like maniier on the sea-shore ; Calystegia 
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ifepium, tbe WJiite Coiit olvulus, is one of our most beautiful and at the 
same time coiumonest hedge-plants. — The Cusmte^e or Dodders " are 
remarkable for their leafless and parasitic habit ,* they germinate in the 
ground, and then coil tliemselves round the stems of plants and send roots 
in through their rind, by which they are then eutir(*ly nourished. They 
have wire-like stems with minute scales at the nodes, and tufts of small 
C'onvolvulaceous flowers. They are great pests in clover- and flax-flelds, 
destroying the plants they infest. 

SOLANACE^. Night8ilu3es. 

Coh, Polemoniales, BentJt. et llooh. 

Dlar/nosis, — ll(?rbs, rarely shrubs or tn^es, with colourless juice 
and alternate leaves ; flowers regular, or slightly irr(‘gular, often 
extra-axillary, 5-merous and 5-androus, on bractless pedicels ; 
corolla hypogynous, plaited-ind^ricate, plaited-convolute, or invo- 
lutive-valvate in a'stivaliuii ; stamens epipelaloiis ; ovary 2-ceJlod, 
cells anlero-posterior ; fruit a 2-c(‘lled (rarely 3-r)-celled) many- 
seeded capsule or a succulent berry. iSeinls ])(ndsperjiijjc ; embryo 
curvtHl, 

Fig. 4ia 



Deadly Nightshade (Adropa Belladonna), 
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Clmriuster. 

Tkakmm flat. Calyx free, or rarelj 4- or 6-cleft, persisteat, or 
the apper part separating by transverse dehiscence, mostly 
growing somewhat during the ripening of the fruit (accrescent). 
Corolla gamopetalous, 5- or rarely 4- or 6-parted or toothed, 
rotate, campanulate, funnel- or salver-shaped, sometimes ob- 
liquely irregular, plaited-imbricate, plaited-coiivolute, or involu- 
tive-valvate in the bud. Stamens springing from the tube of the 
corolla, equal in number to its lobes and alternate with them ; 
filaments sometimes rather unequal ; anthers 2-celled, with the 

Fig. 414. 


h 


a, Corolla of Atropa S 0 ll>a.donnay shoMnng the attachment of the stamens; 
6, cross suction of the ovary. 



cells soinetijiies connate above, dehiscing longitudinally or by 
terminal pores. Ovary usually 2-celled, the carpels antero- 
posterior ; jdacentas axilc, sometimes enlarged into spurious 
uissepimoTits, I’endering the ovarv 4-celled ; ovary rarely 3-5- 
celled by increased iimnber of carpels ; omdea numerous ; style 
simple ; stu/ma simple or lobed. Fruit capsular, with septicidal 
or transverse dehiscence (lig. -94), or a succulent or dryish in- 
dehiscent berry (fig. 301); .fmfe numerous, the embryo mostly 
slender and curvea, sometimes straight, with foliaceous coty- 
ledons ill fleshy perisperm. 

InnusTBATiVE Genera. 

Petunia, Jtm, ITyoscyamas, Tournef, Solanum, L, 

IS'icotiaua, Touruefi Physalis, Z. Atropa, Z. 

Datura, Z. Capsicum, Tminief, Maiidragora, Twimef. 

Amnities, fte. — A considerable range of variation in the condition of most 
of the organs upon which a character is founded renders it difficult to 
circumscribe this Oi*der strictly ; in fact it passes by almost insensible 
gradations into the SorophulanacesB. Generally spealdng, the Solanacese 
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are distinpiislied by the plaited ssativation of the corolla, equality of the 
number of stamens with the lobes of the corolla, and a curved embryo 
from the Scrophulariaceaa, which have imbricated sestivation, stamens 
fewer than the lobes of the corolla, and a straight embryo j but none of 


lig. 415. 



Henbane {H]fo»cyamu8 niqer). 

are Constant in the former Order; yet the nearly regular 
corolla and five perfect stamens will in almost all cases distinguish the 
+ » proposed, in extension of a suggestion of R. Brown. 

« A Atropaceaj, to include the aberrant forms of 

^lanaceae and Scrophulariacem, and leave these better defined— the brief 
diagnoses ot these Orders being : 

1. SoL^A^CE^. Stamens equal in number to the lobes of the corolla (or 
petals), wbose sestiration is valvate or induplicato-Talvate. — 2 . Atbo- 
Stamens equal in number to the lobes of the corolla (or 
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petals), one sometimes sterile; {estivation (^f the corolla imbricated, 
or some modification of imbricated. — 3. Sciioi’HULabiaceac. Stamens 
less in numb('r than the lobes of the corolla (or petals), 4 or 2 ; aesti- 
vation of the corolla imbricated. 

This arrangement is, however, not adopted by lleniham and Hooker, 
who make five tribes of this order, viz. : — Solanefe, Atropefe, Hyoscy- 
amem, Oestrinem, and Salpiglossidejc. The removal of the Buddldece to 
Loganiaceai, as proposed b}’^ tJenlliam, however, is favourable to this 
arrangement, as it removes tluj 4-androiis genera with regular 4-lobed 
corollas, wliich would render the abovti diagnosis of Scrophulariacefe faulty. 
The Solanaccje, as a Avhole, have, lioweviir, closer relations with some 
of the regular gamopetalous Orders, par ticu daily with Jlydrophyllaceso 
and CoMvolvulaeeje ; tliey are connected Avilh lioraginacem by Grahoivf^kia, 
a Jlrnzilian genus, fornnuly regarded as a which has the habit of 

the latter with tin? ovary of lioraginncea; : it is nearly related to Nolana. 
According to Lindlev, Ontrmn connects the Solanace.'eAvith theOleacefC, 
through Symif/a\ hut alllnmgh it has a straight endiryo Avilh foliaceous 
cotyledons, the radicle is inferior, rnd. superior, and the resemblance appears 
to exist chiefly in habit. Polemoniacea'. difler in their ii-celled ovary and 
straight embryo. 

Distribution. — A very large Order, the members of Avhich are generally 
distributed, and most abundantly in the tropics. 

Qualities and Uses. — The genera r(‘ferable to Atropacepo, as indicated 
above, are mostly characterized by narcotic poisonous properties. The 
Solaiinceje are apparently less pow'erful, and certain kinds furnish AAdiole- 
some and some important articles of food ; hut many of them possess nar- 
cotic })ro})erti('S. Some have an acrid (juulily ; some have diuretic action ; 
and others are accounted tonics. Among tin' poisonous kinds the most 
important are: — the Atropa livUadoitua Nightshade, which has 

the curious property of relaxing the iris, and thus causing dilation of the 
pupil, as also (loes mewu); Datura Stiunnonnwi (the Thorn- 
apple), and D, Metvl, Taiula^ alhn, ^v. ; Hyoscyajnus niytT (Hen- 

bane), and other species ; Nivotiana 'Tabacmn, pcmicay and ruction (the 
American, Persian, and Syrian Tohaccci-plants) ; Mundrayora officmalis 
(the Mandrake), Acauthera v<men<daj a C'ape shrub, said to be more deadly 
than any of them. The foliage of some specievS of Sokimim is said to have 
active properties of the same kind, especially A’. (Black Nightshade), 
S. Dulcamara (Bitter-sweet or Woody Nightshade), and eA’cii the leaves 
and stems of S. tiibiromtm (tlie common Potato) and Physolu sotnnifera, 
Salamim Psendo-quimi is employed in Brazil as a substitute for Cinchona. 
Some species of Cedrnm^ as laurifoUa and Vseudo-qmna^ are said to have 
similar properties. Other Cedra^ as C. euanthesy Icemgatum^ &c., many 
species of rhymlk^ Solanmn, &c., are accounted diuretic. The natives of 
central Australia chew the leaves of l*itur}’, Ihthoma Hopwoodiiy as a 
stimuhmt. It has similar properties to Coca (p. 234), and dilates the pupil. 

The snecies of Capdetnn are remarkable for the pungent quality of the 
fruits, tbe common Capsicum being the produce of C, annuum^ and 
Cayenne pepper consisting of the powdered seeds of various species, such as 
C. fnd^sc€m» While some of the plants are such active poisons in all parts, 
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othors are only partially or not at all so. The berries as well as the foliage 
of At7*opa, for example, and the seeds and capsules as well as the foliage of 
Jli/osct/mnus, are very deadly ; but the succulent fruits of many species of 
/Solanum are whohisome, as the Egg- Apple or Aubergine (S. Mefonifcna), 
those of S. lacmkitHm^ eaten in Australia under tlie name of Kangaroo 
Apples, and, it is said (but this wants confirmation), those of the 
S. niqrum^ JJidcamm'ay and others. Lycopersicum esculentum, the Tomato, 
is another exaiuple. Still more striking appears the instance of the 
Potato, at first sight; hut it must be remembered that the edible tuber is 
an ai-titicial product, and consists cbiefl}" of cellular tissue and starch deve- 
loped under circumstances that oppoac the formation of the noxious secro 
tion; and what is present may he dissipated l>y lieat. It is said that the 
poisvjnous element of Solanaceous fruits exists in a pulpy covering of tln^ 
seeds, not in the pericarp. It is desimble that this point should bo ascer- 
tained. 

(.V)iir>iArE.y: constitute an Order, chiefly consisting of tropical plants, 
combined with l ioragiiiacfw by Jleiilliam and Hooker, frt)m which, how- 
ever, they dithir in the twistcU mstivatioii <)f tlie (u»rolla and the plaited 
cotyledons. Eroin Coiivolvulaceje they differ in their superior radicle and 
the absence of porisperm. The Order is reiuarkubl e i\ »r llic plaited cotyle- 
dons of the eml)ryo. — Tln^ fruits of Conh'a MyAU and lutlfoUa arii called 
Sebostons or Sebesten plums, and, with those of other species, are edible. 

; are a small group of Soulb-American plants, referred by 
Tlonthara and ]l(joker to ( -on volvulaceje, by others to f joragiuacefo, sorac^- 
times erected into a distinct Order on acctuint of the valvate calyx, plaited 
regular corolla, the ovary of carpels, eitlnu* distinct, or when mnno- 
rous combined into several sets, seated on a lleshy disk, with a single stylo 
and siJgma; the embryo curved, in little ])erispm*m. The chiiif distinction 
from lk>ragintLC(‘a3 lies in the h-iuerous ovary and tlu^ absene(U)f the scroll- 
like infioresceiice ; llnw may be regarded as aberrant forms of that Order. 
Some species o\‘ Nolaiut are cultivattjd in gardcms for their showy flowers, 
somewhat resembling blue ConvohmU. Their properties are unknown. — 
(Genera: Kolaiia, 1j, \ Alondj Ijiridl. 


B( )EAG1NACHLE. The Bugloss Okdeu. 

Coh. l^olenioniales, lienfh. et lL*oU. 

Diaynosia . — Chiefly roughly hairy herbs (not aromatic), with 
alternate entire leaves, a scorpioid inflorescence _ 

usually without bnacts, and syminefrieal flowers ig. 4U>. 
with a 5-parted calyx, an bypogynoiis, regular 
(rarely slightly irregular) 5-1 obed corolla, 5 stamens 
springing from the corolla-tube ; ovary of two 
carjjels, each deeply 4-lobed, the lobes surround- _ 

iug the base of the single gyiiobasic style, and p . . . • 

forming when ripe 4 indebiscent i -seeded )5ant 

acbenes in the bottom of the persistent calyx ; fpuir'formed'^of four 
stigma simple or bifid; seeds separable from mdehiseont^ carp«i8, 
the pericarp, aperispermic ; radicle superior. o31crf 
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Illubtbative Geneiia. 


Echium, L. Symph}' turn, X. Lithoepermum, X. 

liurago, Tmmej, AnchuHa, X. Myosotis, X. 


Affinities, &c. — Tho floral formula is 8 5 | P 5 
ovary and fruit of this Order H|free exactly 
witli those of the LMhinta;, in which the ir- 
xejtular corolla, didynainous stamens, opposite 
leaves, and s(]iwire sttuns differ widely. This 
(diaracter of the ovary does not occur in nny 
other regular /J-androiis gain(>petalous Order. 
The Nolanace'a* and lOhrc'tiacc.'e depart from tho 
general type of this Oi*der. I'^hretieceje seem 
to hear the some r(‘hition to the prop(‘r Bora- 
ginac('a^ as the Verhonacf'po to Lalnata*, having 
condiient carjads, terminal styles, and a sliruhhy 
or arborescent liahit. Tho corolla mostly pre- 
sents a coronet of scales in tlie throat, which 
Home incline to regard as abortive stamens. The 
hractleas inflorescencci of some of the gen»‘ra 
is remarkable, 'fhe infloiMseence, wh(»th('r 
with or without bracts, is probably a uni pa- 
rons 8coii)ioid cyme, tbough it lias bcaui con- 
sidered to be an inflorescence of parti- 
tion.” 


A 5 G2. The 4-lobed 
Fig. 417. 



Dlatiibutlon. — A large Order, the species of whicli are mostly natives of 
temperate climates in the iioj‘th(*rii liemisph(‘r<‘. 

Qualities and Uses. — The plants of this Order, remarkable for their rough 
foliage, have a reputation as mu(*ilagin<His and cooling herbs. Their chief 
importance lies in the dye furnished hv the roots of Aticlmsa iinctoria 
(Alkanet) and vainous species of IJchhwi, Oniuwta, iS:c., and the beauty of 
their flowers, whence the genera abovo citt'd include many common 
garden plants. The Forget-me-not is a native species of the genus 3I'yo- 
sotis. Many Boragiiiaceae occur wild with us. 


consist of a group of plants included in Boraginaceae 
by Bentham and Hooker, but separated by some authors on account of 
the coherence of the carpels and the terminal style (which is gynobasic 
in true Boraginacea*/) and a drupaceous fruit. Some genera have peri- 
sperm, others not. They seem to be as distinct liore as Verbenaceee feom 
the Labiatap ; but the agreement is very close at some points in both cases. 
They are also nearly related to the Cordiacea' ; but the latter have twisted 
aestivation and plaited cotyledons. — Most of them are tropical trees or 
shrubs. None are of much" importance : the drupes of some Eliretm are 
eaten ; the Heliotrope (Heliofropium pervvtimum) is universally known 
for its delicious octour.— Genera : Ehretia^ L. ; Tourmfortiaf R. Br. } 
a, L., &c. 
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LABIAT.E. 

Coh. LamiaJes, Bmth. et Hook* 

Diaf/nosis . — Cbiefly herbs, with square sterns and opposite aro- 
matic leaves ; flowers with a more or less 2-lipped, hypogynous 
corolla, didynamoiis or diaiidrous stamens ; deejrly 4-lo(x^d ovary, 
the lobes surrounding the base of the single g^^uiobasic style, arid 
forming, when ripe, 4 iudehiseent 1 -seeded achenes in the bottom 
of the persistent calyx ; stigma bifid ; seeds erect, with little or no 
perisperan 

Character, 

Tlialamvs flat or slightly elongated, often prolonged into a hypo- 
g^moiis disk or series of glands. Oahj,v inferior, persistent, tu- 
bular, r)-m(‘rous, ith the odd sepal ])osterior ; the litrib regu- 
larly 5- or 10-toothed, or irregular and bilabiafe (fig. 41 (S), to 


Fig. 420. 



11a ‘*1®- Corolla of S<ihin. 

Jig. 4-0. CoroUaof Glechoma opened, showing the didynamous stamens. 


10- toothed. CoroUa hypogynous, gamopetalous, bilabiate; the 
upper lip entire or divided, arched or almost suppressed; 
the lower lip usually larger and 3-lobed (fig. 419). Skmem 
springnig from the corolla, 4, didynamous (fig. 420), or some- 
times 2 ; anthers 2-celled or apparently l-celled from the ap- 
position of the cells at the apex, or with the filament or con- 
nective bifurcate and bearing either 2 single cells or 1 perfect 
cell and a sterile process. Ovart/ deeply 4-lobed, on a fleshy 
msk, felled, each cell with 1 erect ovule ; style simple, arising 
trom the bottom of the carpels ; forked. Fruit composed 
ot 4, or, by abortion, 3, 2, or 1, dry, separable, 1-seeded por- 
tions, surrounded by the persistent calyx ; seeds with little or no 
pensperm ; cotyledons flat ; radicle inferior. 
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Illustbative Genera. 

Lavandula, L, Thj'mus, L. IMarrubinm, X. 

Mentha, X. Ilyssopus, X. Lallota, X. 

Salvia, L. Vrunella, X. Pliloniis, X. 

Ilosmariniis, X. Ijaniium, X. Toiicrium, X. 

Origanum, X, Stacliys, Benth. Ajiiga, X. 

Afftnitios, &c. — A large and well-inarlfed order, divided by Bentham 
into eight tribes, aceording to the number, position, and direction of 
the fertile stamens. The genera are founded on variations in the calyx and 
corolla, &c. As regards the structure of its ovary, this Order agrees 
exactly with Boruginacete, from which, however, almost all its other 

charafders distinguish it. The (mlinarv structure is S 5 | P 5 A 4 G 2, as 
for all Ord(*i*s with didynamous .stamens. Among the didynamous iin- 
svmnietrieal mouoyxdalous Orders, no other group approaches this struc- 
ture but ViU'htuiacefe, whi(dj fire distingui.sh(‘d by the greater degi’ee of co- 
liereijce of the cjirpels and tlu^ liuminjil style, as llie l::]hrfdiacefti are from 
Boraginac(’/e ; but tlu^ se])ar;ilion ol' ihosv Orders is sometimes difficult. 
J)isr(‘garding’ the ovfiry, the character of the corolla find stamens connects 
Lahiatfo with 8croj)hulfiriace;e and its allic's, (‘sjacially when they have 
opposite leaves and square stems. morphology of the corolla and 

stamens is very interesting in this Order, as it is in the Sci’oidmlariacefu j 
the didynamous atnictnre aT*is(*s from the want of the posterior stamen, 
and in tlui diandrous geni'ra it is the anterior ])air that remains. Payer 
says there are origimilly tivi; atiimeiis in Jiahiates, two anterior first deve- 
loped, then two lateral, wliile. tin? fifth or posterior is the last to appear, 
and indeed is often suppressed or present in the slnipe of a gland. The 
anterior first-born stamens are the longc'.st and their anthers open first. 
The foliage of the majority of plants in this OrdtT is studded with micro- 
scopic glandular hairs, containing the essential oils to which the}^ owe 
their remnrluible fragrance. Various s])iH‘i(‘S of tSaIrm ha^’e hairs" upon 
the testa of the seed, containing a spiral fibre, somewhat as in Polemo- 
niaceac. 

Distribution. — A very larg-e Order, the species of wliich are principally 
nativiis of temperate climates ; but tbe more fragrant kinds occur most 
abundantly in the warm temperate and drier regions. 

Qualities and ITses. — The most striking qualities of this Order depend 
upon the presence of aromatic or thifrrant essential oils, which render some 
of them valuable stimulants and antispasinodics, others favourite flavour- 
ing herbs for culinary purposes, others important ingredients in perfumes, 
&c. Some are also regarded as tonics. The fleshy subterraneous rhizomes 
of StacJii/8 paJu8t?'is are sometimes cultivated as a table vegetable ; and 
the tubers of an Ocimnm are said to be eaten in Madagascar. Of the cai^ 
minative aromatics, tbe Mints, Spearmint (Mentha viridis), Peppermint 
(M> Piperita)^ Penny-royal (M, Pid^ef/mm) are among the best known. 
Other species of Mentha have similar properties ; Hed>eoma piiUffioides^ 
the Penny-royal of the United States ; Lavender, Lavandula vera ; to- 
gether with the inferior French Lavender,^ X. Sjyica^ the oil of which, 
however, is chiefly used in the arts (oil of Spike), and others : many allied 
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species are used in different countries in the same way. The essential oils 
01 some kinds commonly used as flavouring herbs are also used in vete- 
rinary medicine. Among the best-known of these, besides Mint, are 
Thyme {Thymus Serpyllummi^ other species), Marjoram vari- 

ous species), Basil (Ocimum sp.). Savory {Satureia sp.). Sage {Salvia 
oJfidnaHs vmd grandi^orn\ &c. As perfumes. Lavender, Patchouli {Pogos- 
temon Patchouli), Mentha citrata, Rosemary {Rostnannus ojicinalis), and 
others are largely used. Horehound {Marnihium mlgai'e) is an old- 
fashioned remedy for coughs; Ground-ivy {Nepefa Glechoma), Balm 
{Melissa officinalis), and others are used by the country -people for the 
same complaints. Monarda fistulosa (a North- American snrub) and 
Qrigamim Dicfamnus (or Dittany of Crete) are reputed febrifuges. Stachys 
Betoniva has been regarded as a sternutatory, but perhaps acts mechani- 
cally : its root is said to be purgative and emetic ; but this seems unlikely 
to be true. 

Many plants of this Order decorate our gardens, and many species are 
wild in Britain. 


VERBENA CEyE (thk Vervain Orokr) consists of herbs, shrubs, or 
trees, witli op])osite or alternate leaves; flowens with an hypogynous more 
or less 2-lipped or irregular corolla and didynainous stamens; style ter- 
minal ; the 2-4-C(‘llod fruit dry or drupaceous, usually splitting when ripe 
into as many 1-seeded, indohiscent niuudes; seeds erect or pendulous, with 
little or no pcirisperin. — Illustrative Genera: Verbena, \j,\ TecUma, L. ; 
Clerodendron, L. ; Vitex, L. ; PhrymUy L. ; StUhe, Berg. ; Myopimmi, Bks. 
& Sol. ; Avicennia, L. ; JKyiphila, Jaeq. 

Affinities, &e. — Principally distinguished from Labiatne by the terminal 
styh) and more coherent caq^els. The Myoporetx, kept separate by Ben- 
thaniand Hooker, can hardly be separated from the exc(ipt bythe 

presence of two seeds in laich cell of the ovary, and by the .superior radicle; 
and pi^rlnips Selaginacofc should be appended as an aben-ant form. The 
.structure of the fruit separates tliis Order from Scrophulariacea) and its 
allies. 

Distribution. — A large Order, chiefly tropical ; tlui Verhenerp common 
in temperate 8outli America, and a few scathTed in all regions. The 
Avicennice grow, like Mangroves, in tropical salt marshes. 

Qualities and Uses. — Thos(‘, of the Verbenem are much the same as in 
Labiataj : Aloysia citriodifra, the cultivated “ Lemon-plant,” or “ Ver- 
bena,” is an instance of fragrant properties ; many species of Lanlana are- 
fragrant or foetid ; some are used as substitutes for Tea. Vitex Agnus- 
castm, V. Negundo, and others have acrid fruits. TecUma grandis is the 
East-lndian Teak-tree, celebrated for its hard heavy wood ( African Teak 
is from a Euphorbiaceous tree). The bark of Avicennia tonnentma, the 
White Mangrove of Brazil, is used for tanning. Clerodendron.s are hand- 
some stove-shrubs. The brilliant Verbenas of our gardens are mostly 
varieties of Verbena chameedrifolia and allied species. 

Selaginaceje form a small group differing from Verbenaceas principally 
in having 1-celled anthers ; in GUmdana the carpels are reduced to one. 
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Hence there appears a connexion between them and Salvadoraceae, which 
approach Verbenaceae and among the Boraginaceae in other points. 

Some of the plants are European ; most of them belong to the Cape. 
(rloh)darue have purgative and emetic properties. — Genera : Stlago^ L. ; 
Glohtdariay L. 


ACANTHACE.E. 


(\)h. Borsonale.8, BniiJt. et Hook. 

Herbs or shrubs witli opposite or wliorled simple exstipulate leaves ; 
flowers irregular, braeteated, witli an imbricated hyjiogynous moiv or less 
2-lipped corolla, didyiiaTiious or diandrous stamens attached to the tube of 
the. corolla ; fruit a 2-celled, 4-12-seede.d ca]»siile ; s(‘eds aiiatro])Oiis, aperi- 
spennic, usually Hat, supported liy lioohed or cup-sliaped projtictions of 
file phicc'iitas ; radicle iiif(U*ior. — lllustrafiv<‘ (lemua: L. ; 

IhivUia., L. ; Bnrlvriay L. ; Acanthio^^ Ia ; Adhaioda, Nei^s; Justiduy L. 

Affinities, &o. — This Order is closely relnledlo Scrophulariaccm and Big- 
noniacert', differing from the foruuT in th(‘ ajx'iispermic seeds, from the 
latter chiefly, so far as writt(*n charact(‘rs can b<‘gi\(*n, in the structure 
of the placeiita and in the s(‘(hIs not la'iug wing(‘d. Gmierally speaking, 
the large bracts of the inflorescmice, and the imbricated calyx of unequal 
sepals, give a peculiar and cbarncterislic appeararaie to tlu*s(‘ ])lant8. The 
se(‘ds oi AvanthodiuDiy llueUiny and other sp(‘cies liave a ti^sta clothed with 
<nirious compound hairs containing s])iral tihri's. By llentliam and Hooker, 
following Anderson, the Order is divided into iiv(‘ tribes, viz. Tlumhergiefe, 
AV/.so?iaYC, l(H(dli('ce. Acanthea', and Jmticinp. Tlu‘ distinctions are founded 
upon the nature of the calyx, the la^stivation of the corolla, the characters 
afforded by the seeds, vVcc. 

Distribution. — A large Order, chicily tropical. 

QualitlGs and Uses. — jNIostly without active properties. The most strik- 
ing peculiarity lies in the beauty of tlu flowers of many kinds, which 
rmiders them gn^at favourites in our stoves. Avemthm mollh is interest- 
ing from its leaves having, it is said, furnished the model of the Oorintliian 
capital. Andrograjdna panicidata is used as a bittm* tonic. 

BIGNONI ACE/E (the TnuMPET-FLowKn Ordeb) consists of woody, 
or rarely heibaceous plants, often twining or climbing, with exstipulate 
leaves, liypogynt)US sympetalous corollas, didynamous or diandrous sta- 
imms ; the ovary commonly 2-celled, by the meeting of the 2 placentas or 
of projections from them, surrounded at the base by a disk ; many-seeded ; 
the seeds large, winged, w'ith a flat embryo, and no perisperm. — Illustrative 
Genera: liignomay E. j /Vcoww?!, Juss. ; Catidpuy Scop, j JEccj'eniucatyuSy 

By Bentham and Hooker the order is divided into four tribes, Bigno- 
nxe(Cy Jaca7'a7ideaiy and t lie latter often treated as 

a separate Ordtu*. The points of distinction are the number of cavities in 
the ovary, the nature of the fruit, the erc*ct or climbing habit, &c. 
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Affinities, &c. — The aporiapermic character of the seeds separates this 
Ord(‘r from Scrophulariacea). From Acanthacejo there is less marked dis- 
tinction ; but tlie winged and sessile seeds, together 'V\dth the general 
habit of the intloresceiice, marie the diiror(mce. Eccrn)toca7'j>m approaches 
closely to (lesiieracea) ; and these, with redaliacem and ( hescentiacea}, 
are cliiellv separated by the want of coherence t)f the placentas in the 
axis (the'exceptional case here in EciTcmocarjnm) and the absence of a 
wing to the set‘.ds. IMany Bignoniacejc are remarkable for the structure 
of t?ioir woody stems, wdiich have the wood dividc'd into segments by 
])roa.d wcdgcal -shaped processes of the bark: the segments are 4 in young 
stems, forming a cross in tluj transversi^ section : 8, ajid even 10 lobes ap- 
]) 0 !Lr in the woody layers of subs(‘(pient years. The broad paper-like wing 
of the so(‘ds (»f IHijnimife has a very eh‘gani microscopic structure. 

Distribution. — A considerable himily of mostly tropical plants ; the 
Trumpet-11 owered climbers form striking features of Amei'icau forests. 

Qualities and tJses. — Many of the plants of ibis Orch'r are used in 
Brazil lor various ])arp()ses, such as dyes, nuHliehies of varied action, 
timber, &c, ; but none are of v(‘r}^ great im]><)rtance. Their beautiful 
liowers, (»flen large and brightly coloured, lu'UtU'r them very atlra(‘tive. 
Tr(‘<tuut radirans, s(‘ah('i\ I'v.’e. arc? eomnioii g*ard(*u clinilxjrs j 

(kifalpu i^iii'ViKjcefidia is a luindsume tree with showy blossoms, hardy in 
this country. 


pEDALiACKiR are eliielly distinguished from Bignoniac(‘a‘ by their 
generally wingless seeds, and by tbeir dillerent habit. Smuntrtn may be re- 
garded as inteiint?diate between the Ordtirs just named, while Marfynia 
establislies a tmnsition to Gesneraccia;, of which Order Pedal ia(;f?a?, or, as 
they arc? sometimes called, Sesamea*, are considt?i’ed by some? to form a 
tribe. — Tliey are cdiietly tropicfd ; the most import suit nienibc‘r ofthe group 
is ISesamtnn wdiich is an object of ciillivatioii in tlu' ICsist for its 

sc'cds, from which oil resembling 01iv(‘-oil is chtsiiiicd. Some of the 
specic?s are in cultivation, among theui one? or tAVo spc'cies of Mai'iynia 
remarkable for the two long horns to the fruit. 


Ai are also very near to the Gc?sneraco«'c, and chic^fly dis- 
tinguished by the arborciscenthabit and large aniygdahiid se(*ds; the calyx 
also is fi-ee, and its limb splits inegularly. From i ^jdaliacejc the fruits and 
the amygdaloid seeds divide them. The indehiscent fruit and wingdess 
seeds separate them from Bignoiiiacc«e and Acanlhacf?ee, and this, together 
with the want ol‘ perisperm, from Sc;rophulariacefe, Sohmacjea*, and Jjonti- 
bulariacese. — This Order is tropical, most developed in tlce Mauritius and 
Madagascar. — Cremmfia Onjete, the Calabash-tree, has a fruit like ag-ourd, 
wdth a hard shell applicable to many useful purposes, holding liquids, 
forming boats for rafts, «fcc. The subacid pulp is eaten. Parmentiera 
cenfet'a {l*anama) has a long slcmder fruit, and is called, from the shape 
of this, the Caudle-tree ; it is a favourite food of cattle. 
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GESNEEACE.E. 

Coh. Personales, Benih. ti Hook. 

Diagnosis . — Soft woody shrubs or horbs, somewhat succulent, with 
opposite or whorled wriiilded leaves, without stipules; flowers irregular; 
r<U'olla peri »jfy 11 oils or hypojjrynous, sympetalous : stamens diandroiis or 
didynanious with a rudimeulary oth ; ovary half-superior, with a rinp: of 
plauds or a disk, l-eelhid, with two 2--lobed parietal placentas; fruit 
capsular or sueiMileiit ; seeds numerous, with or without perisperm ; cotyle- 
dons much shorter than tlui radicle. 

1 [.UirSTH ATI VE ( I KNEU A. 

Suborder 1 . Suborder 2. (^ytitandke.’E. 

V'ifh a little perii^perm : valyx partly withoat peritiperm ; fruit free ^ cajmi- 

adhere 7 it ” t<i the eapeular fruit . lar^ ttriH/ed. or hnevaff-. 

(icsuera. Mart. yKsehynanthus. Jaeh. 

Aehiiuenes, 1*. Jir. Streptocarpus, Liudl. 

(floxiuia, llerit. I Cyrtandra, Forst. 

Affinities, &G. — The tlesnoraeojo have much the aspect of Scrophu- 
lariaceie ; and tin* llowers very much resemble those of llipioniaceai, but 
their placentas are decidedly parietal ; and although Fe(Te})iorajynf8 con- 
nects them with Itignoniaceic, its Avinged seeds and large cotyledons still 
mark the diir(*renco from Gesn(‘raceai. Tlie pari(‘tal placentas resemble 
those of Orobanchac<ue, which connect the Grder further with Scrophii- 
lariacoiiD ; but. in the Gesiierecp.y where the seeds are perispermic, the calyx 
is more or less adherent to the ovary. In Sti'eptocaiyms it sometimes hap- 
pens that one of the two cotyledons becoiru'S jiersistent and enlarged, 
forming the only leaf formed hy the plant. — Tluw are tropical plauls, the 
Gemereae American; the Cyriamlreee more diffused, hut chiefly hhistern. 
They are of no gi*eat importance as regards their properties; sonu 
have edible fruits : t he most interesting point about them is tlie beauty of 
the tloweu's. IMost of the genera above cited ai e found in collections of 
stove-plants ; in their native habitations they are often epiphytic. 

COLIJ]MELLIAOEA<] consist of a few species of Mexican or Peruvian 
plants, wliich luwe been sup])Osed to approach Jasminacejc, or still more 
closely to Gesneracem and llubiacege ; but their structure is not well made 
6ut. In many respects they are nearly allied to EscalloniecB in Saxifra- 
gaceo*.. They have an adherent calyx, epigynous corolla, two stamens 
with sinuous anthers, and an inferior 2-ceiled ovary with numerous ovules. 
Seeds perispermic j embryo minute. 

OEOBANCHACE.E (Bboom-Eapes) are fleshy herbs destitute of 
green foliage (root-parasites) ; corolla sympetalous ; stamens irregular, 
nypogynous, didynanious ; the ovary 1-celled, with 2-4 parietal placentas ; 
capsule with very numerous seeds, which are minute, peri^erniic, with a 
very small rudimentary embryo. — lUuatrative Genera ; Oi'ohanchey L. ; 
a, L. 
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Affinities, &e. — This Order is especially remarkable for the parasitic habit, 
the tleshy texture, scale-like leaves, and the absence of chlorophyl, in 
which particulars the plants resemble Monotropacete ; but these are not 
characters of ordinal value, and vve see them running into the nearest 
allies of this group, as Biicimera and iSirii/a in Sc.ropJmlariacefe, not to 
mention the partially parasitic condition of Melampyrece, The Order is 
chieily separated from 8crophiilariacea3 by its parietal placentas. From 

Gentianacese it diliers in the carpels being placed back and front, ? , asin 

O 

ScrophulariacesD and the allied Orders, while in Gentianaceae they are 
right and left of the axis, o+O* From Gesneraceje there is little except 

the habit to separate them. — These plants are parasitic on the roots of 
many herbs and shrubs of very various orders ; they attach themselves 
immediately after germination, and become oi'ganically graft(.‘d ; some in- 
crease by tuberous buds Irom the base of the annual stems. The Oro- 
banchaceje are bitter and astringent, and are said to be escdiarotic ; these 
qualities probably depend on a resinous duid secrc^ted in the abundant 
epidermal hairs. They are compariitively numerous in Europe, North 
America, North Asia, and the Cape; some in India. 

SCKOPllULAlllAOEjE. 

Coh. Personales, Benih. et Hook. 

Diaynom . — Chiefly herbs ; llowers with hypogyiious, sympeta- 
lous, irregular corollas, the lobes of which are imbricate in aestiva- 
tion ; didynamous, diandrous (or very rjirely 5 perfect) stamens 
springing from the tube of the corolla ; ovary 2-ceJled, ceils antero- 
posterior ; fruit a 2-cell ed, mostly m any-seeded capsule with 
axile placentas ; seeds auatropous ; embryo small, in copious 
])erisperm. 

Characier, 

Thalamus flat, oblique, or provided with annular disk or gland. 
Calyx persistent, more or less deeply ^-o-toothed, more or less 
irregular. Corolla sympetalous, irregular ; the tube long or 
short ; the limb more or less deeply 5-lobed, or 4-lobed by the 
coherence of the 2 posterior petals, personate (fig. 422), bilabiate, 
rotate (fig. 421), sometimes spurred. /Stamens 2, 4, and didyna- 
mous (fig. 425), or with the 5th (posterior) perfect, sterile, or 
represented by a petaloid tooth (lig. 423), attached to the corolla ; 
anthers 2-celled, or 1-celled by confluence or by suppression. 
Ovary 2-celled, with axile placentas bearing usually numerous 
ovules ; style and stigma simple, or bifid at the apex. Fruit 
capsular, rarely baccate, 2-celled, dehiscing by 2 or 4 valves, 
or by pores, or indehiscent ; seeds mostly numerous, peri- 
spennic. 
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Fig. 421. 


Fig. 423. 



Fjjj. 421. Corolla and HlamonH of Veronica. 

Fiff, 422. Calyx and rorolla of Anfirrhinum. 

Fig. -12^. Corolla, laid open, with didynamoua st^imeas and ataniiuode, of Scrophuf ana. 
Fig. 424. Diagram of llow<'r of Sei'ophnfnria. 

Fig. 426, Didynaiuous stumtnis of Digitalis. 


I L LUKTI1.\TIVK ( i KN Kll A. 

Thin large Order exhibits eoiiHidorabb^ vnriotv of eonditioTis, whence its 
afliiiities become scmiewhat com]>h*x. It is by Thmtham and Hooker 
divided into three Suborders or S«‘rios, thus : — 

1. l’sKtTl)OSOLANKJf3. Lvavt'S itlteniatv : m/forcaonice centripetal^ Uvo pos- 

terior lobes of corolla outside. Verbascuni, L. 

2. Antiiii{Hine3*;. Leaves sometimes opposite: ixforescence centripetal. 

Corolla bilabiate, iinhrieate in fcstivation, the p'ister i or lobe outside the 
anterior one. C^^alceolaria, J euiU. ; Linnria, L. ; Antirrhinum, L. ; 
Scrophularia, X. ; Oratiola, L. 

3. Hhinanthk^. JEstivaiion imbricate, the two lateral lobes or one of 

them placed outside. Digitalis, X. ; Euphrasia, Ij. 

Afn-nHioR, &e. — The near connexion with Solanaceie, shown in the close 
relationship between Salpit/lossis and Petunia, is mentioned also under 
that Order, where a reference i.s mndo to Die proposed transfer of the 
Eal}n(flossidfr> to the Order Atropacen^ of Miers. Mr. Bentham defines 
the present Order by referring to Solanacefe the genera which have at 
once 5 stamens and a corolla plaited in estivation ; Petunia has a plaited 
corolla and 5 stamens, wliicli, however, are unequal and decimate, and 
thus approach to Salpif/hssis, where the corolla is very similar, but the 
stamens truly didyiiamous. Verbascuni, having 5 stamens, is sometimes 
referrod to Sola noceie ; but one at least of the stamens is commonly sterile, 
and its corolla is imbricated. In another direction, Scrophulariacea3 
approach some of the forma of the x'erv heterogeneous Loganiace® ; and 
Beuthani regards it as advisable to refer Puddleia and its allies, generally 
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counted amon^ Scrophulariaceae, to that Order, as the only means of 
setting a definite boundary between the Orders, these genera having a 
transverse ridge connecting their opposite leaves — an indication of the 
characteristic interpetiolar stipules of Loganiaceae. With Orobanchaceie, 
again, the connexion is close, especially through the root-parasitism of 
many genera, all of which approach closely in the general structure of the 
flower to Orohanclie ; for the carpels are really anterior and posterior in 
that Order as they are here, and the main distinction is, that the margins 
are not folded-in to form a dissepiment, so that Orobanchace?© have pa- 
rietal instead of axile placenlation, to which is added their minute rudi- 
mejitarv embryo. A general resemblance exists between the present 
Order and the other didynamoiis gamopetalous Orders ; but Oesneracef©, 
Pediiliaceaj, and Crescent iaceie have parietal placentas ; llignoniacem and 
Acaiithaceoo have aperisperiuic seeds, and Leutibulacere a free central 
placenta. 

The morphology of the corolla in this Order is well dt^serving of atten- 
tion : curious monstrosities not uiifreniiently occur in cultivation, in which 
the normal irregulai ity is obliterated by a repetition of the pouclies, spurs, 
or similar developments in each (constituent petal, as in TAnaria, where a 
5-spinTed corolla occurs witli a symmetrical limb (Pclorian variety) — in 
this insianca) the rcgiiliirity is due to the increased number of the usually 
irregular parts ; in other cases the flower becomes p(;rfectly regular by tli(< 
complete absence of pouclu'-s and spurs. Calvvolarin soinetinies occurs 
with a soiuevvluit campauulate, regular corolla, *fcc. Many of the Scro- 
pliulariaccm are parasitic upon the roots of other plants, as, for example, 
Melampjfnim, lUntNuithm, and their allies, whicli, however, appear to 
be only partly nourished in this w’ay, having distinct roots ; thf‘y are 
remarkable for turning black when dried ; /SY/vV/rf, an exotic*, genus, is 
still more distinctly parasitical ; and liuchnvrn hjidrahadoim has scale- 
like leaves similar to thosc^ of Orohaftrhr. In some of the genera {Minndm 
&c.), where the style is divided at tlie a])cx, it is developed into two flat 
lamime, whicli exhibit irritability, Chatin says that tlie stamens appear 
simultaneously, and that it is only aftiu* birth that the irregularity in 
number and form becomes manifest; but that does not accord with our 
observations. The prohabilitv is that the development varies in different 
genera. PentaUimon heterandrum has the fifth stamen antheriferous. 

Distribution. — A very large group, the species of which are universally 
diffused and very abundant. 

Qualities and Uses. — JMore or less acrid, or bitter; mostly unwhole- 
some; sometimes deadly poisons. l)i(/d(dln prfrpurea, onr native Fox- 
glove, the officinal plant, is an extreimdy powerful sedative poison, both 
in the foliage and the seeds ; the allied species Jd. hitvn, dchroleuca^ 
latviyata^ &;c. are equally active. The spe(.*ies of Verhascuni have a share 
of this property, e.specially in the seeds. The Scrophularir^, IJnarice, and 
Varonicfs are all more or loss bitter and acrid, and suspicious ; Gratiola is 
violently purgative and (jmetic. 

This Order is remarkable for the number of beautiful flowering herbs it 
contains. The Snap-dragon, or Dragon’s-mouth {Antirrhinum meyws), 
the species of Vermiica^ Mimulm (of wnich the Musk-plant, M> moschatns, 
is remarkable, among plants of this order, for its fragrance), Linaria^ Pent- 
itemoUf Calceolaria, Maurandya, &c. are in every garden ; and of their 
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numerous exotic allies a long list will be found in all horticultural col- 
lections. A large num})er of showy-flowered native weeds belong to this 
Order, such as the Toad-flax (Linaria tndgaris) and several other species 
of Linaria j the Speedwells ( Verontca)^ tlie Red Rattle (Pedicularis) and 
the Yellow Rattle {lihinatdhus) (so called from the ripe seeds rattling in 
the dried inflated membranous capsules), the Foxglove, Mulleins ( Ver^ 
haacum), &c. 

LENTIBULARIACE^ (Bittter-worts) are small herbs growing 
in water or w^et places ; flowers with a 2-lipped calyx and a 2-lipped 
personate spurred corolla; stamens 2, with (confluent) 1 -celled anthers; 
ovary 1-celled, with a free central placenta bearing several anatropous 
seeds, with a thick straight embry<» and no pcmsptirm ; stigma bilabiate. — 
Illustrative Genera : Vtrimdaria^ h . ; lHn(/mmla, Tournef. 

Affinities, &o. — This Order is inttTesting both from the habit and appear- 
ance of tlie plants and from its alfinities : — on the one hand with the irre- 
gular, didynamous gamopetalous 
Orders, through 8crophiilariaceae, 
with which it agi’ees in the calyx, 
corolla, and stamens, and on the other 
hand with the regular Sympetahe, 
through Primula(!Oie, with which it 
is connected by the free central })la- 
centa. Dickson savs the thalamus 
in development begins to show irre- 
gular growth before tln^re is any 
appearance of the parts of the flowf^r, 
and that the pistil is 5-carpous; the 
embryo is sometimes mono- in other species dicotyledonous. The 
structure of the leaves of the Ufricularire^ especially that of their pouches 
or air-floats (flg. 427), is very curious. Pringsheim considers these 
pouches to be dilatations of a branch. — The plants are found in all parts 
of the globe ; tin*, Uhnrularioi are aquatic, one curious Brazilian species 
( U. nelumbifolia) growing in the water retained in the axils of the sheath- 
ing leaves or a Tilktndsia. In IJtricidaria the radicle aborts and the adult 
plant is rootless ; the submerged capillary branches have often been mis- 
taken for leaves or roots. The pitcdiers of Utricvlaria and the leaves of 
Pinffuictda have alike the property of dissolving and absorbing animal 
matter, such as insects, i<:c. Pinf/atetd^ are bog-plants; and P, vulgaris 
is said to have the property of coagulating milk. 


Fig. 420. Fig. 427. 



Pig. Flower of Utriculnria. 

Pig. 427. Air-sac of the leaf of Utrioularia. 


Di^asion III. Apetal® or Incomplet®. 

Dicotyledonous plants with a green or coloured calyx and no 
petals, or with a calyx-like perianth of more than one whorl, or 
with the floral envelopes reduced bo one or more bract-like pieces, 
or altogether absent. Flowers often unisexual. 

Exceptions, Ac. — The above characters are more or less artificial, and 
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bind together a rather heterogeneous series of orders. Many of them are 
merely degraded forms of Thalamiiioral or Calycifloral types. The group 
is sometimes divided into two subdivisions, called Moiiochlamydea> and 
Achlamydeie, according as there is or is not a true calyx or perianth sur- 
rounding the stamens and pistil. A double floral envelope occurs in some 
Euphorbiacete, Loranthacoa^,, iS:c. Many of the plants in this group have 
unisexual flowers grouped in cones or catkins. 

Series 1. Supers. 

Ovary superior; perianth usually distinct. 

POLYGONACEJil. The Sorrel Order. 

Coh. Chenopodiales, lienilu et Hook. 

Diapiosia. — Herbs with alternate leaves, mostly furnished with 
stipules in the form of sheaths {ocreo’) above the sw ollen joints of 
the stem ; the flowers mostly perfect, with a more or less persistent 
perianth; stamens hypogyiious, or rarely perigynous ; a 1 -celled 
ovary bearing 2-3 styles or stigmas, and a sijigle erect orthotropous 
ovule ; fruit a triangular nut enclosing 1 erect. s(3ed, usually w ith 
farinaceous perisperiuaiidan inverted embryo. — Illustrative Genera : 
Eriogoimm, L. C. Jiich ; Mheum, L. ; Polggonum, L. ; Coccoloha, 
Jacq. ; l{u7nex, L. 

Affinities, &c« — The commoner plants of this Order may bo distinguished 
by the peculiar ocreaceous stipules (tig. Oo), wdiich, howcwer, are wanting 
ill JEriogoman and some otlier genera; the most distinctive character- 
istic is the solitary er(*ct secal wdth its embr 5'0 having the radicle turned 
upward ; this separattis it from its near allies, the Chenopodiacea.' and 
A marantacejo, from which also the perianth and the ocrese remove it; 
also from the Nyctagiiiaceaj, to which the involucrate flowers and abortive 
stipules of Eriogonere approach. There is a I’urthi'r ridation to Oaryo- 
phyllacea3 through the Paronychiacese. The Order is divided into tribes 
according to the hi- or unisexual flow'ers, tlie pres<*nce or absence of an 
involucre, the number of the parts of the flower, tlio presence of an 
ocrea, &c. 

Distrlbutloii. — A large Order, the mcmibers of which are universally 
diffused ; especially ahuudant in temperate climates. 

Qualities and Uses. — The foliage of these plants is frequently charac- 
terized by the presence of an acid juice, depending on 1 lie presence of 
oxalic and malic acids, or by an acrid, pungent juice ; soim^ are strongly 
astringent, while the roots are generally m<jre or h^ss powerfully purgative ; 
the starchy perisperm of tlie seeds is sufliciently abundant in some species to 
furnish a valuable substitute for com. Among the useful acidulous kinds 
are the garden Rhubarb, Rlieutn vndtdaimrif It. pcdmatmiiy See . ; the Sorrels 
{liumex It. Acetosay and Ji. Aeetostdla ) are familiar plants. Rh&nm 

Jtihes is used for flavouring sherbet in the East ; and some other exotic 
plants have lilte properties. Polygonum Hydropipery a common native 
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weed, is very acrid, even vesicant when fresh. P. BistoHa was farmerly 
in use as an astringent ; and Coccoloha uvifera, the sea-side Grape of the 
West Indies, furnishes a very astringent extiact. The Rhubarb of medi- 
cine consists of the roots of liheum officinah, and perhaps also of j)alma^ 
turn, imdulatum^ rhaponticum^ Emodi^ Wehhianum^ and other species ; the 
roots of Rumex alpmiM wore formerly used as a purgative under the name 
of Monk’s Rhubarb. Fagopyrum Mculenttim^ common Buck-wheat, F. 
tatarioum, and other six^cies are largely cultivated for food in the northern 
parts of Asia and of Eastern Europe. The common Docks are species of 
Rumex, 

NYCTAGINACFivE (the Mahvel-of-Peru Obdeii) consists of 
herbs, shrubs, or trees, mostly with opposite and entire leaves ; stems 
tumid at the joints ; flowers surrounded b}^ an involucre, with a delicate, 
tubular or funnel-shaped petaloid perianth ; upper part deciduous, lower 
part persistent, constricted above the 1-colled, 1-seeded ovary, and indu- 
rated to form the p(!ricarp (diclesium); stamens 1 or several, slender, 
hypogynous ; the embryo coiled round the outside of the mealy perisperm, 
with b]‘oad foliuceous cotyh'dons aud an infenor radicle. — illustrative 
Geuera : lioer/iaaimiy L. ; MirahlliSy L. ; Pinoniaf Plum. 

Afflntticfl, &c. — Tile iKMilwst relatives of these plants are imibably thfi 
Polygonaccfo, especially the tribe of Enogtmece ; but the inferior radicle 
and the peculiar fruit enclosed in the indurated base of the perianth are 
evident distinctions. I’lie steins of these plants, especially of the Pisonice, 
have a curious ariaiigenient of their (iJno-vascular bundles. The nature 
of the involucre serves to divide the Order into tribes. 

Distribution. — Natives of warm climates, chiefly in the S. hemisphere. 

Qualities and Uses. — The roots of the Nyctaginacea} are generally pur- 
gative ; and Mirabilii^ Jahipa was fornuTly supposed to be the source of 
mtsdicinul .lalap. JSlimhilh diehotoma^Ww^- Marvel of Peru of our gardens, 
is remarkable for 0 ]uming its flowers in the afternoon, whence it is termed 
the Four-o’clock I’lant ; boUi this M. Umgijlora, another cultivated 
species, are violent purgatives. Bougainnllea is remarkable for its brightly- 
coloured bracts. 

AMARANTAOE.E (Amauantiis) are weed}^ herbs, with opposite or 
alternate exstipulate leaves, and spiked or capitate, bracteatcd indores- 
cenci; ; the tlowers mostly with an imbricated perianth of dry and scariou.s 
persistent bracts, often coloured, o-o in number ; occasionally unisexual ; 
stamens 5-merons, hypogynous; anthers sometimes 1 -celled; the one- 
colled ovary usually l-ovuled, in one tribe ((hdosieae ) many-ovuled ; style 
1 or 0 ; stigma simple or compound ; fruit a utricle, a caryopsis, or a 
berry ; seed pendulous, with the embr 3'0 curved round the circumference 
of farinaceous perispenu ; the radicle near the hilum. — ^Illustrative G enera ; 
Cehma^ L. ; Atnara}iiuSj L. ; Aehyranthes, L. ; Gomphrena, L. 

AlBnltles, &e. — No absolute character can begivtm to separate this Order 
from the Clieuopodiacea 3 ; but the habit, especially the crowded bracteated 
inflorescence and the membranous perianth, renders them very different 
in appearance. Their more distant relations are the same as those of that 
Order. The division into tribes depends upon the 1- or 2-celled anthers 
and the number of ovules in the ovary. 
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— A large Order, ike species of which are most abundant 
within the tropics, in dry, barren situations. 

Qualities and Uses. — Generally with somewhat mucilaginous juice, 
seldom with active properties. The species of Amarantm, such as A. cau^ 
datt(s, Love-lies-bleeding, and A. hypochmdriacus^ Prince ’e-Feathers, are 
w-ell known in gardens lor their bright-coloured and persistent blossoms — 
as are also the more tender Globe Amaranthiis {Gomphrtna) and the 
Cock’s-comb {Celoaia cristata)^ the latter remarkable for its fasciated 
■flowering-stem. 

CIIENOPODIACE/E. The Spinach Greek. 

Coh. C’bonopodiales, Benth, et Hook. 

— Chiefly herbs, of weedy asp(>ct, more or less succu- 
lent; leaves mostly alternate; without stipules or scnrious bracts; 
flowers perfect, polygamous or diclinous, minute, gnMUiish, the 
tree perianth imbricated in the bud ; stamens as many as the 
perianth-lobes, or rarely fewer, and insfirted in front of them or on 
their bases ; ovary 1 -celled, b(K‘Oiniiig a l-si‘(‘de(l thin utricle or an 
achsDiiium; embryo coiled into a ri])g (around tin? jK'risperm when 
present) or spiral, — niustrafive Genera: tSfdicornla^ 'i’ournef. ; 
Atnplc.r, L. ; lUitom, 1j. i Beta., Toiirnef. ; (Jheaopodiam, JSal- 
Sola, L. 

Affinities, &c. — Clnaely rGated to Amaraiitncefo, but difloriug in habit and 
in tlio sum of the charactta's. From the Phytolac.’cac.ea? they ditler in 
the simple ovsry and th<? stamens (Mpial in numhi'i* and opposite? to the 
segments of the perianth ; irom IScleranthcep. they arc* si'])arated by tlie 
simple ovary, the usually alternate leaves, and the distincitlv hypogynous 
condition of the stamens : from tin* Panmychivcp particularly by the? ab- 
sence of stipules; through the? Paroiiychiacete they are nearly related to 
Caryophyllacece. The order is divided into two groups according as the 
embryo is annular or spirally coil(?d. 

Distribution. — A large Order, generally diflused in waste places or in 
salt marshes; most abundant outside the tropics. 

Qualitlos and Uses. — Generally bland and innocuous, the foliage often 
rendering them valuable as pot herbs, and their roots furnishing food for 
cattle ; sometimes with anthelmintic and antispasmodic properties. The 
maritime kinds were formerly of great value from the quantity of soda 
obtained from their ashes. Spinach ( Spitmeiat dor acen),OYini\i (A triplex 
hortensis), and English Mercury {Chenopodium Bofim Henricm) belong to 
this Order ; also the Eeet and IVIangold Wurtzel (ife/a mdyaris and Ctfcla). 
From the juice of the Beet, sugar i8extractc‘d in considerable quantities. 
Chenopodium anthelminticum yields an essential oil, used as an anthelmintic 
under the name of Worm-seed Oil ; C. amhrosioides and Botnfs also have 
an aromatic, antispasmodic essential oil; Chenopodium (^inoa forms tubers 
like potatoes, which are eaten in Peru. Salsola Soda, Salicornia herhacea, 
and other species (Glass- wort), with species of Alriplex, Schoberia, See., 
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abound in salt marshes, and were formerly much used in the preparation 
of barilla. Several species of Chenopodimn and AtripUx abound in waste 
places, fonning^, with various kinds of J)ock {Rumex)^ Polygonum^ and 
Urtica (Nettle), the most conspicuous weeds of neglected cultivated 
ground. 

^ Basellaceas are a small Order of plants closely related to Chenopo- 
diaceje, chiedy distingnislied by the presence of a double, coloured perianth 
and perigjmous stamens : they are tropical climbing herbs or shrubs. 
Some species of Bamlla are used as Spinach ; Ullucus tuherosus has a 
tuberous root, used in Peru like the Potato. 

PiiYTOLACCACRJE proper are nearly connected with Polygonaceae and 
Oheno})odiace8e, dilfering from both in the frequent presence of petals and 
of a number of carpels, from the former also in the absence of stipules, 
from the latter in the stamens exceeding the lobes of the perianth. P/«/- 
iulaccetv pass into Petivv.riv.ee by the occurrcmce of 5 separate carpels in 
GtvHvkia^ while Itivinia lias little perisperm ; the Petweriece would then 
connect this Order with the Sapindjicreai and their allies, while the 
columella of the Ggrodvmowce Avoiild mark a distant affinity with the 
Alalvaeem. — A small Order, scallert'd in all parts of the world, with 
properties more or less acrid, purgative, or emetic. 

Pauonychiace^, sometimes placed in this group, are treated of pre- 
viously nem- Carophyllaccie. 

Petiverikas, separated by some authors, have stipulate leaves, single 
ovary, aperispermic seeds, and a straight einbiyo with convolute coty- 
ledons; and Oyhostkmone^: have exstipulate leaves, unisexual flowers, 
the carpels arranged round a columella., twin suspended ovules, peri- 
spermic seeds, with a hooked embryo having linear cotyledons, and an 
inferior radicle. The last two orders ai*o included under Iffiytolaccacefe 
by Le Aluout and Decaisue. 


LAUKACPLl). The Laurel Order. 


Coll, Lnurales, Bi^nth, et Hook, 

Diagnosis, — Aromatic trees or shrubs, with 
alteniate simple exstipulate leaves, sometimes 
marked with pellucid dots, and flowers with a con- 
cave thalamus, regular perianth of 4-6 coloured 
sepals, which are barely united at the base, im- 
briciited in 2 circles in the bud, free from the 
1 -celled OA ary containing 1 or 2 pendulous ovules, 
and mostly fewer than the stamens ; anthers open- 
iug by 2 or 4 lid-like valves (fig. 428) ; fruit a 
berry or a drupe ; seed without perisperm ; radicle 
superior. 


Fig. 428. 



stamen of Launut, 
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Illustbative Geneba: Cinnamomum^ Bunn.; Camphora^ Nees; 
tandra^ Rottl, ; Nees ; Tetrantheraj Laums^ Tournef. ; 

Caasytha, L. 

Affinities, &c. — The peculiar operculate dehiscence of the anthers distin- 
pruishes this Order from most of the allied Moiiochlamydeous pi-oups: from 
Atherospermaceae, which share this character, Lauraceae are distinguished 
by their solitary carpel and pendulous ovules. The Lauracea) have also 
affinities with M>Tisticacea3 in the qualities of their products ; but the 
structure differs widely. Caasyfha is a remarkable form, having a twining 
parasitic leafless stem like Omenta^ bearing true Lauraceoiis flowers. 
The innt)r perianth is developed after the manner of a corolla simultane- 
ously, the outer successively like a calyx (Payer). In some Laurels, e. g. 
OreodaphnCy the outer anthers are introrse, the inner ones extrorse. The 
fruit of some genera is curious, as that of Dehaasia, which is home upon 
a thickened peduncle, somewhat like that of Anacardium. The pollen is 
generally s])lierical, without pores or bands. The solitary carpel is some- 
times divided into several compartments by false partitions. The sub- 
divisions of the Order depend on the habit, position of fruit, number 
of parts to the flower, unisexuality or polygamism, &c. 

Distribution. — A large Order, principally found in cool situations in the 
tropics; one (Lanrus nohilia) is a native of Europe, and a few of North 
America. Trace's of them in a fossil condition are tirst met witli in 
Eocene formations. 

Qualities and Uses. — The most marked properties of those plants depend 
on the presence of aromatic oils and Oamphor ; but the bfirk of some has 
valuable tonic and febrifuge qualities, the timber of many kinds is valu- 
able, and the Order affords a number of edible fruits. Tj’uo Oinuamon is 
the bark of CinnanKunum Ziphinumm ; (\‘issia-bark is derived from C, 
Cassia and other speeic^s ; many other trees of tlie ( )rder are noted for the 
possession of an aromatic bark of similar character, and furnish false Cin 
namoiiR in South America and other countries. Camphor is produced in 
the wood, branches, and leaves of Ca?nphora ojftcinm'uin, and is obtained 
by dry distillation ; some species of Cmnamoimim conrain a considerable 
quantity of this substance. The aromatic fruits of some of the Ijauracej© 
mrnish false Nutmegs, the Clove-nutmegs of Madagascar being the seeds 

Agathophyllum aro7)mfimm, the Brazilian Nutmegs those of CryptA)-- 
caiya moschatay &c. The hark of Necfandra Radicaiy the Bibiri of Guiana 
(from which Warburg’s Fever-drops are made), is said to be a valu- 
able febrifuge ; the hark of the root of Sassafras ojfioinale is highly 
esteemed in North America for its diaphoretic pow(irs; Benzoin odo- 
riferum has similar properties, and the oil of its aromatic berries is 
stimulant. The fruit of Pef'sea yratissima is the highly praised West- 
Indian Avocado Pear ; it contains much fixed oil. The timber of Acc- 
tandra Itodieei is the Green-heart wood of Guiana, remarkable for its 
hardness and solidity ; Persea indica furuishes a kind of coarse mahogany 
in the Canaries. Camphor-wood is sometimes used by cabinet-makers on 
account of its odour. Laurus nohilisy the Bay-tree or classic or true Laurel, 
is a native of the South of Europe, and is hardy in the south of England ; 
its aromatic leaves are used for flavouring confectionary. These must 
not be confounded with those of the Cherry-laurel, a PrunuSy and not a 
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true laurel, and which contain much hydrocyanic acid. A concrete green 
oil, called Oil of Bays, is obtained from the true Laurel leaves. 

The ATTiKUOSPERMACKiR are trees like Monimiaceae, but with the 
flowers sometimes perfect, the anthers opening by lid-like valves, and the 
perisperinic seeds erect ; the nuts are enclosed in the tube of the perianth, 
and the persistent styles grow out into feathery awns, whence the plants 
are called Plume-nutmegs. They are chiefly clistinguished from Moni- 
miaceae by their nntliers, which res(*mblo those of I-<auracea3, from which 
they are distinguished by tlie apocarpous ovaries, the diclinous flowers, 
nud erect ]>erispcrinic seeds, aiul are allied to JMyristicacofe by the dicli- 
nous flowers and aromatic perisperinic seeds. Tlie valvate anthers hero, 
as observed hy Br. Iloohcr, indicate aflinily to Berheracere rather than to 
Laurairejo. — 'J\vo of t he genera, Lmm lia and Atlkerofip('rma^ are natives 
oi’ Australia ; lUiVifphn'a is C^hiliaii ; they have fragrant jiropeifies, and 
a decoction of the bark of A. moschata is sometimes used as a substitute 
for 'I'ea. 

MoNiMiAOKAi: are sometimes ])laced in this neighbourhood, but have 
b(;en treated of formerly (see p. 200), 

MyJU8TI0A(yILT] (the NrxMEa Ohdkti) are tropical trees with 
jilteruate, entire, leathery, exstipulato dotted leaves; flowers diclinous, 
iip«‘taJous, clustered or racemose; periantli 3- or rarely 'f-tid, leatheiy, 
valvate; stamens of the barren flower distinct or nioiiadelplioiis ; anthers 
3-12, perfect, extrorse; perianth of the fmfile flower d(K;iduoiis ; carpels 
Solitary or numerous, rarely 2, and distinct; ovules I in each cell; fruit 
succulent, containing a seed surrounded by a lobed arillus, and having a 
small embryo in copious oily-fleshy ruminated pc'risperin. — Illustrative 
Cleiiera : Myristica^ Jj ; IJyalosfemnia^ Wall. ; Viroliiy Aubl. 

Affinities, &c. — The nearest relations of this Order are with the apocar- 
pous Tlialamitlorous Orders, more particularly Anonaceaj, with which 
they agree in the dotted leaves, valvate mstivation, extrorse anthers, 
apocarpous t>varies and ruminattid perisperm ; but the flowers are usually 
perfect in tliat Order. Tlio structure of the seeds connects IVIonimiacefe 
and Atherospennaceai with this Ordcu* ; but tliey have opposite leaves, 
besides other peculiarities. The aril originates both from the hilum and 
the micropyle. In many points they resemble Magnoliacem, hut differ in 
the valvate calyx, ah-jence of corolla, monaddphous stamens, solitary 
carpel and ovule. The resemblance to Stevculiaceie seems to have been 
overloukt'd ; ne\ ertlieless there are many points of contact between the 
present family and the tribe Sterculieie, in the apetalous unisexual 
flowers, the vtdvate calyx, the monadelphous stamens, the arillate 
seeds. In their active qualities and liabit they somewhat resemble 
Lauracejc. 

Distribution. — Tropical India and America ; most numerous in the 
former. 

Qualities and Uses. — Aromatic and acrid. The common Nutmeg is 
the seed of Myn'Mica nioschata (Moluccas), Mace being the laciniated 
arillus surrounding this. Coarse, inferior Nutmegs are obtained from 
M, Otoha in Brazil, M. spitna in the Indian islands, and others of the 
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numerous American and East-Indian species. The bark and the rind of 
the fruit are acrid. 

NKPENTirACE-ii^ are lierbs or half-shrubby plants wiili alternate leaves 
which, when perfect, have a lonfr stalk terminatiiig- in a ])itcher with an 
articulated lid. JMorpholoo-ically the pitcher is considered to be a dilata- 
tion of a ^land at the top of the midiib of the young h'af. The flowt'rs 
are dioecicius, with a 4-nierous perianth ; stamens colu'rent in a solid 
column (as in Ct/fuita) ; anthers about 10, extrorsc* ; o\ ary free, 4-augled, 
4-celled ; seeds very numerous, attached to tlie sides of the dissepiments. 
Embryo in fleshy pc'risperm. — The relations of this Order are at present 
obscure. Most autliors coniit^ct them with Aiistolocliificeai. — 'JMiey are 
natives of tJui tropical region of Asia, and one is ibund in Madiigascar, 
another in, the Seychelles. Tlu'v are cultivated in our stoves on account 
of their curious and often beiutiful pitchers. These lntt(‘r entrap, dis- 
solve, and digest insects and otlier animal matter, their glands containing a 
digestive ferment capable of acting in tlie presence of an acid. 

GynorAUPEJE are usually stationed in this vicinity, hut have been 
already treated of under (kuubretacem, p. l.M)2. 


THYMELACE.E. The T.ace-hark Ordeh. 

CoJi. Daphnah^s, Jinifh. vt Hook. 

Dimpiom. — 81irubs or treevs wit h an acrid and veiy lough (not aromatic) 
hark, entire leaves, and perfect ilowers, with a regular and simple, usually 
coloured perianth, bearing ordinarily twice as many stamens as its lobes, 
free from the 1 -celled, 1-ovuled ovary; seed suspended; perisjuTiu iioiKM'jr 
spaiing; radicle superior.— Illustra.tivi‘ (Muuu'a: iJaphne^ Jj. ; Pimclra^ 
iiauks Sol. ; Lai/eiia^ Juss. ; llcnmndia^ J*lum. 

Affinities, &o. — Among the Monochlamydeous (jvders this may be dis- 
tinguished from Sautalaceje l>v its free ovary ; from hdfeagnacefe by its 
perfect or polygamous flowers and pendulous s(‘(;d ; from Ji iuraceje by the 
longitudinal deliisceiure of the anthers; from ]*roteac(‘a‘ by its pendulous 
seeds and imbricated perianth. The flowers are mostly pei led, but poly- 
gamous in the tribe ihn'nandiece. 'i'lie flower-tu])e is ]>rob{ibly of recep- 
t acular origin. The libt^r is developed in numerous separable layers in the 
bark of these plants. The Order is divided into tribes according to the 
presence or absence of petaloid scales or glands. Hctmandiefe are by some 
constituted as a distinct Order, differing from Thymelads in habit, struc- 
ture of bark, position of styles, and 2-senale perianth. 

Distribution. — A rather large Order, most abundant at the Cape of 
Good Hope and in Australia, but found sparingly in all other parts of 
the world. 

Qualities and Uses. — The hark is usually acrid, and that of Mezereon 
(Daphne Mesereiim) and other plants is used as a local irritant ; taken 
internally it is an irritant poison. Daphm Laureola^ the Spurge Laurel^ 
another native species, has similar qualities — as also D. Gnulimn and D. 
pontica^ favourite garden shrubs, and other species. The liber of Lagetta 
linteaina (West Indies) is separable into lace-like lamina3; whence it is 
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called the Lace-bark tree, and the liber of some Daphnes furnishes useful 
fibres, and in other eases is manufactured into paper. The berries of 
Daphne are poisonous ; but the seeds of Inocarpm edulis are eaten roasted 
like chestnuts. Daphne, IHmeha, and some other frenera include many 
handsome cultivated plants, the perianth being: petal oid. 

Aqtjjlaiiiace-^: are a small group of plants, of tropical Asia, included 
by some in Thynielacem, hut having a 2-celIed o^ ary, or, if 1-celled, then 
with 2-3 l-ovuled parietal placentas, and sometimes a 2-valved dehiscent 
capsule ; one ovule is sometimes abortive ; and the fruit in some cases is 
ail indehiscent succulent berry. — The heart-wood of A(pdlaria ovata and 
A. Apallochum is known as Eagle-wood or Aloes- wood, and contains a 
resinous matter of stimulant quality. — Genera : Aquilaria, Lam. ; 6ryn- 
nopsis, Gmrtn. 


ELA^AGNACEyE are shrubs or small trees with silvery-scurfy leaves 
and di(ecious or polygamous flowers ; perianth free from the ovary, its 
tidie bt^coming hard or pulpy, and berry-liko in the fruit ; stamens as 
numerous as the lobes of the perianth, and alternate with tlunn, or twice 
as many; ovar}'" l-celhid, 1-seeded, seful ascending; (unbryo straight, 
witfi tliin perisperm and an inhirior radicle. — The species are geuerallv 
diffus(id in the luirtheni Inmiisphere, separated fi'om the Th vinelaceje by 
the ordinarily dicecious structure and the ascending ovule ; Elceapnm, 
which has perfect or polygamous fiow(!rs, forms the, link. From Prote- 
acea> they are separated by the valvate calyx and the indehiscent fruit. 
The pollen is triangular or ovoid (Mold). Tlie scuirfy scales upon the 
leaves are elegant microscopic objects. — The berries of llippophae rham- 
noides, Sea Buckthorn, common on our sea-coast, are sometimes used in 
fisli-sauces, but are said to have narcotic, iiroperties. Those of DUmpnm 
orivnhilh are eaten in Persia, and those of other s])t'cies in India. The 
flowers of some spe(;ies are very fragrant. Tnuu^s of plants of this Order 
have been seen in Miocene and more recent deposits. 


PEOTEACE.E. 

Coh, Laurales, Benih. et Hook. 

Diagnosis. — SbnibwS or small trees usually with umbellate 
branches ; leaves hard, dry, opposite or alternate, exstipulate ; 
flowers usually bisexual, apetalous ; perianth 4-cleft, valvate ; 
stamens 4, superposed to the segments, sometimes partially barren ; 
anthers opening longitudinally ; ovary single, simple, free, with 1 
ovule, or 2 or more ovules in 2 rows, ascending or descending: 
seeds without perisperm ; embryo straight ; radicle generally in- 
ferior. — Illustrative Genera : Protea, L. ; Orevillea, E. Br. ; Halceci, 
Schrad. ; Banhsia, L. fil. 

ao. — ^The Order is divided into two tribes according as the 
fruit is dehiscent or indehiscent. In Bellendena the stamens are free. In 
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and some other genera the anthers are syngenesious. The ar- 
rangement of the stigmas and stamens to favour cross fertilization is often 
very singular. The pollen-grains are usually triangular, sometimes elliptic. 
The development of the lones of the perianth is successive, not simultane- 
ous, hence the perianth may be considered as calycine. The remarkable 
habit of these plants is a striking characteristic; and, besides the rigid 
foliage, we have the valvate perianth with the stamens opposite the lobes, 
and the radicle pointing to the base of the ovary, to distinguish this Order 
from the Thymelaceao and nearest Monochlamydeoiis Orders. The struc- 
ture of the stomata of the coriaceous leaves is vejy curious, and presents 
many modilications. 

Distribution. — A large Order, the species of which are found chiefly at 
the Cape and in Australia. Fossil Proteads have been found in Eocene 
beds, and these Dicotyledons are among the first of which traces remain 
to us. 

Qualities and Uses. — The wood is perhaps the most valuable product 
of these plants, being largtdy used for firewood wliere they abound ; some- 
times it is used for joinery when hard wood is required. TJie striking 
character of their eveigreen foliage, and the brilliant colours of the heads 
of flowers, render them great favourites in cultivation, and the genera 
above cited will be found in most bu*ge collections of greenhouse shrubs. 
Macadamia temifolia furnishes an edible seed. 


EUPHOEBIACEJil. The Spuege Oedee. 

Coh. Euphorbiales, Benth, et Hook, 

Diagnogig. — Herbs, shrubs, or trees, mostly with a milky acrid 
juice, and leaves usually alternate and stipulate ; monoecious or 
dioecious flowers ; perianth various or none ; the fruit of 1-3 or 
several 1-2-seeded carpels, uiiitiid round a central column, se- 
parating when ripe ; embryo straight in perisperm. 

Character. 

Thalamus flat or concave, or prolonged. Flowers diclinous, axillary 
or terminal, sometimes enclosed in a cup-shaped involucre. 
Calyx inferior, with internal glandular or scaly appendages, 
sometimes wanting. Corolla, of petals or scales as many as the 
sepals, or wanting. Stamens definite or indefinite, distinct or 
monadelphous ; anthers 2-celled, sometimes opening by pores. 
Ovary free, sessile or stalked, 1-, 2-, 3-, or many-celled ; styles 
as many as the cells, distinct or combined, or wanting ; stigmas 
combined or separate and bifid ; ovules 1 or 2, suspended from 
the inner angle of each cell beneath a prominent “obturator ” or 
placental outgrowth. Fruit dry, the carpels splitting and 
separating elastically from the axis, or succulent and indehi- 
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scent ; seeds suspended, 1 or 2 in each cell, often with an arillus ; 
embryo in fleshy peri sperm ; radicle superior. 

This Older is divided by Miiller into two main di\i8ioiis, according to 
the size and breadth of the cotyledons, the number of the ovules, the 
jestivation of the calyx, &c. Baillun divides them according to the num- 
ber of the ovules in the first instance, the presence or absence of perisnerm, 
the presence of an obturator” or process of the placenta, the sexual con- 
dition of the flowers, &c. 


II lira, L, 
llippoinane, L. 
Ccelebogvne, .7. Sm. 
Merc Uriahs, L. 
Acaljplia, X. 


.Tatrojdia, Kfh. 
Iticiiius, Tournef 
llotthu'a, ItoA'h. 

(Jrotun, L. 

I 


iLLUSTIlATn’^E GeNEUA. 


Euphorbia, L, 
Oluviia, L. 
Xylophylla, X. 
Phyllanthus, X. 


Affinities, Ac. — As the more familiar forms of this Order are either 
apetalous, or even destitute of a calyx, it is usually arranged among the 
Monochlainydeu} in elementary works; hut a largo proportion of the 
^‘xotic genera have the corolla representiid (‘itlier by scales or petals. 
The common Spurges (Evphorbia)^ lh(^ priiicipnl native rr^presentatives of 
the Order, have a very reirnarkable infioro.'^ctuice, or cyiithiiirn,” by some 
considered as a simple flower; there is a cuii-like involucre (calyx ac- 
cording to Baillon, who reverts to Linna us’s original idea), within which 
are fjrined a number of staimms with an articulation in tlie filament, 
together with a stalked tricurpcdlary ovary (fig. 429). Each one of the 


Fig. 420. 


Fig, 430. 



Fig. 4i(}9. a, Vertical section of the involucre of rAiphnrhUx iMtliyris, containing one stalked 
instiliate flower and six monandrous staininate flowers ; &, 6, staminate flowers 
■of other ain*eieB of Euphorbia, the left-hand without a perianth, the right with 
a small perianth at the base of the sUiinen. 

Fig. 430. Monota.rui tridenfata: a, involucre, with one pistillate and several staminate 
flowers; 6, a separate staminate, c, a separate pistillate flower. 

stamens, according to R. Brown and many others, represents a male 
fiow^er reduced to its lowest term ; for a miuute bract exists at the base 
of each filament, and in some species a perianth occurs at the articulation, 
wdiich is, in fact, the base of the flower : the ovary in like manner repre- 
sents a female flower. This is well illustrated by the exotic genus Mono^ 
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taxis (fig. 430), where the cup-like involucre is replaced by scales, and, 
instead of the jointed filaments, we find several stalked male flowers, 
wntli perianth and stamens, surrounding one female flower. Warming 
adopts Brown’s view of the nature of the “ cyathium,” and further 
considers the stamens either a< buds or as caulomes, each stamen repre- 
senting a distinct flower, and each of the five bundles of stamens in 
Bapliorhia being a aympode. 

Three is the ordinary number of carpels ; but Mcrcurialis has but two, 
and some exotic genera but one ; on the other hand, 9 or even 15 {Hurd) 
are occasionally present. The fruit is usunlly dry and dehiscent, but in 
tSarcococcn succulent. Rmnus has much divided stamens. Considerable 
vai'iety of liabit occurs ; some of the foreign Muphorhia^ liave fleshy, spiny 
stems, somewhat resembling those of the Chictacejc, Xyhphylla and Vkyl- 
hinihm having leaf-like flowering branches ; and a number of large tropical 
trees belong to this Order. 

These plants apprc^'ich very closely to Malvacem and specially to Ster- 
culiaceaj, the composition of the ovary being anah»gous, and the stamens 
often inonadelphous ; Aleurites., Jatropha., and other genera have a corolla 
much resembling IVIalvacea); and tliere is afurthei*allinity to Khamnacem. 
On the other liand, looking to their diclinous character and freqiumtly 
incornphde flowers, they approach the Urti caeca*., from which they ai’c, as 
a whole, distinguished by tJudr compound oAaritJS : sucli gemera as Ere.^ 
mocarpusj having but one carpel, connect the two groups. Some of the 
genera have stiiiging-li airs like rrticac(‘a‘ {Jatripha). 

Distribution! — A very large Order, g(uu‘rally di(I‘u.sed over the globe; 
especially abiindant in Equinoctial America. A few species are indige- 
nous to this countiy. 

Qualities and Uses. — Thf^se plants mostly produce a lactescent juice, 
which contains caoutchouc ; the watery uaii ol‘ this su.]') is geiKu-ally mo)‘e 
or less acrid, purgative, emetic, or power! ully ])oisoijfuis, IVom the pre^stmee 
of a princi])lo dissipated by heat; starch abounds iji the roots of some 
kinds, while oil of a purgalive character is common iu tlu*, seeds ; thebjirk 
of some of the trees lias tonic properties ; tlie wcod of several is very 
valuable for its liard close texture; and several of the ])lants furnish 
dyes. Tim lactescent juice IHvea {JSiphonia) elasi ica the source of 

Ihe “ bottle ” Caoutchouc of Brazil and (iuiaiui, and various other species 
of llerm also furnisli it ; Aleurites laetifera yields Oum-lac in Otiylon ; 
Euphorbia antiquomm and E. carmriensis are believed to yield the gum- 
resin called Euphorbium. The common Spurges (Euphorbia) have pur- 
gative properties ; the root of E. Ipecacuanha is used as an emetic in North 
America; and the species of have simihir properties, especially 

M, perennisj which is unsafe to use, since it produces violent purging, anj • 
even sometimes convulsions and death. The most deadly member of the 
Order seems to be the Manchineel (Hippomane Mancmellci)^ a Panama 
plant, the juice of which is so acrid as to cause ulceration when dropped 
on the skin, and its apple-like fruit has a vesicating juice ; the juice of 
Excoocaria Ayalloclmm and of llura crepitans has similar properties. The 
glandular hairs of Mallotus philippinensis furnish the drug known as Ka- 
mala, used for tape-wmrm and for dyeing purposes. 

The oily seeds are mostly purgative : Croton oil is expressed from those 
of Croton Tiylium and Parana (East Indies) ; Castor-oil from those of 

z 2 
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liicinus commmm^ in whicli tlie purgative property is found to reside in 
the embiyo, not in the perisperm ; the seeds of Ilura crepUans and Curcas 
{Jatropha) purpmiSy the ^‘Purging-nut,” are violent cathartics, and those 
of Umphorhia Lathyris are sometimes employed in the same way. The 
solid oil obtained from the seeds of StUlinyia sehifera, the Tallow-tree, is 
used for making candles in (Uiina. Cascarilla bark, with tonic properties, 
is obtained from Croton Eleutrria (Bahamas) ; C. pseudo^quina and other 
species have similar qualities. Oldjieldia afrimna is the African Teak- 
tree. Crozopimra tinctoria furnishes the dye called Turnsole ; RotUera 
tinctoria (East Indies) a scarlet dye. The pure starch obtained by grating 
and washing the roots of Jatropha Manihot {Manihot utilmimd) fonns, 
under the name of Mandioc or (hissa^ a, a most important article of food 
in South Anuirica ; the hner psirticles of starch, softened by heat, and 
afterwards granulated, constitute Ta])ioca. The washing removes a nar- 
cotic poisonous matter which exists in the sap : the Indians dissipate this 
principlt* by lient, simply roasting the roots. It is a shrub about 8 feet 
high, w'ith a large root, sometimes weighing 30 lbs., and is cultivated all 
over the tropics, but especially in America. Numerous Crotons are grown 
for tlieir beautiful foliage. 

BtJXArKiK constitute a very small Order, formerly included among 
Enpliorbiacejo, but diilering in the absence of milky juice, in the lociili- 
cidal ca))sules, ovules pendulous from the inner angle of the cells of the 
ovary, micropyle superior and intenial. The leavi‘s of the (rommon Box 
are purgative ; the wood is specially used for engraving and for 
tiirners' purposes. 

l)Ai»JTNTPnyLi.ACK.Y) are constituted Midler (of Argau) a distinct 
grou}), diirejing* Iroiii the two preceding in their small embryo concealed 
ill perisperm, and in the ventral rapin'. 

ScEpACEiE are a small group of East-Indian plants, allied to Euphor- 
hiac(\‘e, but having the llowers in catkins, thus forming a transition to 
the Oupuliferae and BetulaciMi. — GeiuTa: Si'vpn, Lindl. j Lepidostachys^ 
Wall. 

I^ENiEACEA): are a small Order of ('’api* cvorgi’oeii shrubs, related to 
Proteaeea*, but having a 4-celled ovary, 4 stigmas, and a 4-celled de- 
hiscent or indehisceiit capsule. — The drug called Sarcocol has been sup- 
posed to be derived from some of these plants ; but this is doubtful, 
i leuera: Pencea^ L. ; Sarcocollaj Kth. j Geusoloma^ Ijindl. 

Eacistemaceje are a small group of shrubs belonging to the woods of 
tropiiial .\merica, with alternate, dotted, stipulate leaves, with apetalous, 
polygamous or diclinous flowers, and a l-celled ovary with parietal 
placentas. Their position is doubtful ; they have an amentaceous inflores- 
cence, a perianth like that of Urticaceae, fllainents like those of Chlor- 
anthaceap, and an ovary like that of Sarny daceae or Bixacese, with arillate 
seeds as in the latter Order. 

Empktrace.® are low shrubby evergreens, with the foliage and aspect 
of Heaths : the flowers are small, diclinous ; the perianth consists of 4-8 
persistent liypogynous scales, the iuuermost sometimes petaloid ; stamens 
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2-3, alternate with the inner scales ; ovary free, on a disk 2~0-celled ; 
ovules solitary ; fruit fleshy, with 2-9 nuts; seeds 1 in each nut, ascending, 
perispermic ; radicle inferior. — These plants ha\e the appearance of 
Ericacett}, the fruit even heiug like that of Vacciiiieic, while the stif^nias 
and the general structure of the dowers are Euphorbiaceous ; but from the 
Euphorbiacete they differ in the ascending seed and inlerior radicle. — 
They are mostly natives of Northern Europe and North America. 
Hooker places them near Olacacea?. The leaves and fruit are slightly 
acid, agreeable ; the berries of Jvmpetrum niyrmn^ the Ch’owberry, are eaten ; 
the Greenlanders prepare a fermented liquor from them. The Portuguese 
use the berries of a Corema. — Genus, Empetram, 

Batis mabittma, a sm^culent shrub with opposite leaves, unisexutil 
dowers arranged in catkins, is found in the salt marshes of the West Judies. 
The fruits are all fused in a mass with the bracts. It is sometimes made 
the type of an Order, but is regarded by Tiindley as very close to Empe- 
traceaj. Others place it near to Tamariscineu) or Chenopodiaceai. It is 
sometimes used in West-lndia pickles. 


EKTICACE.E. The Nettle Ohbeji. 

Coh. IJrticales, Benvtli, et Hook. 

Diaymms. — Herbs, shrubs, or trees with sti])ul(^s and raoiuecious 
or dioecious or, rarely, polygamous flowers ; perianth regvdar, free 
from the 1 -celled (rarely 2-celled) ovary, or absent ; stamens e([iial 
in number to the lobes of the perianth, and snperp 08 (‘d to them, or 
sometinu's fewer, uncoiling elastically ; embryo straight in the 
perisperm when this is present, tlie radicle pointing upwards. 

This Order is divided by Weddell into tluj following tribes : — 
1. UiiEiiE^. Leaves with stinging-hairs; leavcis opposite, or if 
alternate arranged spirally; perianth of female dower 4-parted, 
rarely tubular, always free. Urtica^ L. — 2. Pjiocjmde.e. Leaves 
without stinging-hairs ; leaves op])osite, or if alternate distichous ; 
])erianth of female dower free, 3-5-parted ; stigma brush-like. 
l*ilea, L. — 3. ]i<EnMi:iuE.E. Plants without slinging-bairs ; leaves 
alternate or opposite ; perianth of female do\^'er free or adnate to 
the ovary, frequently tubular, rarely very short. Bwlimena^ L. — 
4. PAiiiETAEiEiE. Plaiits without stinging-hairs ; leaves alter- 
nate ; dowers dioecious or polygamous ; perianth of female dower 
tubular, free. Indorescence bracteate. Parietaria. — 5. Eous- 
KOHLiEiE. Plants without hairs or with hardened hairs ; leaves 
alternate or opposite ; dowers diclinous, invoiucrate ; perianth of 
female dower tubular or w^anting. Forskohlia, 

AAnlties, &c. — This Order is nearly related to the Malvacefc, Tiliaceae, 
and Euphorbiaceje on the one hand, and to the ameiitiferoas Orders on the 
other ; diflering from the former in the simple ovary, from the latter in the 
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usual presence of perisperm in the seeds, and in the flowers not being 
aiTanged in catkins. There is a further relation to the Ohenopodiacefe, 
which, however, besides the circumstance that they are only occasionally 
diclinous, have the embryo curved round the outside of the perisperui. 
The pollen is generally "spherical. The leaves abound in clusters of 
crystals contained in large cells (cystoliths). The leaves of Nettles are 
often oblique, the smaller lobe of‘ thie base of the leaf being directed 
towards the branch from which it springs, contrary to what generally 
happens in oblique leaves. 

DlBtxibutloii. — The TJrticec^ are generally diffused, but are much more 
abundant in the intertropicfil regions than elsewhere. 

Qualities and TTsos. — Edible fruits and valuable fibres are the principal 
products of this Order. Bcchmeria (Urtica) yiivea ffirnishes the fibre lor 
Chinese “ Orass-cloth,” Rhea or Ramee ; B, Buy a yields another valuable 
fibre ; and the fibre of the Stinging-Nettle ( XIrtica dioica) was formerly 
used; U. tmacimma fiirnislies cordage in Huiiiatra. The juice of some 
Nettles is extremely irritant. 

Cannabinaceje oonslilnle a small group often in- 
cluded under Urticacem, but differing in tlieir stamens 
not being elastic, tlu-ir elojigatt'd, not rounded, anthers, 
and in their oiirved aptn-ispcrmic cinhryo (fig. 
liy Rtiillon they are placed with the 
mfiva furnishes the hemp of coninieivi*, wJueh consists 
of the Avoody fibres of the plant a*para.ti‘d by maceration. 

C. indica yi(dds a narcotic resinous in'oduct known as 
Indian hemp. Humulus Lupulu^y the ilop, is well known 
for its aromatic hitter proi)ertics. 


Eig. 431. 



Seed of Jltiumlva 
opened. 


ARTOCARPACE-'E are trei^s or shrubs, or randy herbs, with milky 
juice; alternate leiiyos, usually provithd with convolute deciduous sti- 
pules ; diclinous flowers, males in catkins, females in lieads or fiat recep- 
tacles ; perianth 3-4-parled or none; stamens not elastic ; ovary 1 -celled ; 
ovule solitary; perisperm fleshy or none; embryo straight or curved; 
radicle superior. ’ 

The Order is divided into two tribes : — 1. AuTocAupEiE, with stamens 
inflexed in the bud, e. g. Artucmyiis. 2. JMokeas, with straight fila- 
ments, e. g. Ficus. 

Afflnitie*, Ac. — The main difference between this group and the Urtica- 
eem lies in the milky juice and general habit. By Raillon it is classed 
under Illniaceae (see* that family). The infioreacence and fruit of these 
plants are curious : in JJorstema the flowers are embedded in the top of a 
tabular fleshy peduncle (fig. 148) ; in FictM enclosed in an excavated 
fleshy peduncle (fig. 147) ; in 3Ionis the female flowers are developed in 
a sort of capitulum, and subsequently coalesce into a compound fieshv 
fruit, resembling a blackbeny (fig. 807), but each pip is formed from 
a distinct ovary; in Artoewyms the numerous flowers are crowded on a 
globular fleshy piidiincle, W'liich enlarges into a large fleshy fruit, some- 
times weighing 30 lbs. Ficus indica (the Ban} an tree) and some other 



IBTOOMPIiETJl* 


species of the same genus are remarkable for sending down numerous roots 
from their branches, which strike into the earth and convert the tree into 
a kind of grove. 

Distribution. — The Artocarpacem constitute a large group, whose 
members are almost exclusively tropical and subtropical in both henii- 
splieres. 

QuaUties and TTsos. — ^Most of these plants have a milky juice, con- 
taining more or less of an acrid poisonous principle and of caoutchouc. 
BroussonneMa papyrifera is the Paper-Mulberry tree, the inner bark of 
which is used for making paper &c. in China and the South-Sea Islands. 
Antiaru saccidora has a tibrous bark, used for cordage and matting, also 
Cearopia peltata, Brusimunij &c. Caoutchouc is largely obtained from 
Cadilloa eldsticUf Fims eladicaj and other species; a milky juice, of very 
nutritious character, containing nearly 4 percent, of fibrin and albumen, 
is obtained from the Cow- tree of vSouth America, Brosimum (^Piratinera) 
ut'ile. Tlie reriowued Upas-tree of Java is a largo tree, Antiarutoxicaria^ 
which has a very jDoisouous juice; and it is stated that linen made from 
its fibres, if badly prepared, produces great irritation of llie skin. The 
fruit of Maclura aurantiaca^ the Osage Orange, has an orange-coloured 
pulp, used by the North-American Indians to stain their skin ; the wood 
of M, tinctoria is used by dyers under the name of Fustic. Moms alhaj 
the White Mulberry, is largely cultivated in Italy and the East for feed- 
ing silkworms. Moms nif/ra yields the M ulberries of our gardens. A?i;o- 
carpus hiaisa yields the ilread-fruit. Dorstenia (Jontrayerva was formerly 
esteemed as a tonic and diaplioretic. The wood of P\cus SycomomSf the 
Sycamore-fig, is very durable, and is supposed to have been used for 
inummy-cjises. The seeds of the plants of this Order are geiierally whole- 
some and nutritious. 

Stilaginacejs constitute an f)rder of trees or shrubs, with alternate, 
simple, leathery leaves and deciduous stipules; flowers diclinous, spiked, 
with a single 2-, .‘j-, or o-partod periauth ; stamens 2 or more on a tumid 
receptacle ; anthers 2-lobod, dehiscing at the apex ; ovary free, 1-2-celled, 
each ceil with, a pair of suspended ovules; s(5od perispermic ; embryo 
straight ; radicle supeiior. — These plants, natives of Madagascar and the 
East Indies, are nearly allied to Urticccc, dift«‘ring chicifly in the pulvinate 
disk, inelastic stamens, and anthers bursting at the apex. The dru- 
paceous fruits of Antidesma jmbescens and JStilayo Bunias are subacid and 
agreeable. 

Phytochenace-e are an Order with somewhat obscure relations, con- 
sisting of a lew East-Indian climbing shrubs with a curiously organized 
wood. They have diclinous flowers; but the rudiments of the abortive 
sexual organs exist in the flowers of both kinds, and the flowers have 
both calyx and corolla. They are sometimes included among the Arto^ 
carpcccj but have seeds with abundant perisperm. Bentham and Hooker 
place them with Oiacacere, but the affinity seems remote,— Oenera : 
Phxjtocrem^ Wall. ; lodcs^ Blume, «fec. 
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ULMACEJE (the Elm Ordeii) consists of trees with watery juice, 
alternate stipulate leaves, perfect or 
moncBciously polyg-amous flowers ; peri- 
anth free, ineinhranous, campanulatc or 
irregular (fig. 432) ; stamens definite ; 
filaments straight or moderately incurved 
in the bud; ovary free, 1-2-celjed; styles 
or stigmas 2 ; fruit a single samara 
(fig. 433) or a drupe ; seed suspeiidtid, 
with little or no perisperin ; radicle 
superior. — Illustrative (lenera: I'rihe 

1. Oeltfia-]. Ovary 1-celled. 

Tournef. ; Merirmia^ 11. H. K. — 3'riho 

2. Olmeju. Ovary 2-cclled. Planer 
Orael. ; Ulmus^ L. 

Affinities, &c. — lliese plants, chiefly natives of northei*n countries, are 
very closcdy related to the Artocarpacem and Urticaceas and are scarcely 
distinguished by ajiy generid character ex<wpt the polygamous struct ure of 
the flowers. The pollem is ellipsoid with live por(^s (Mold). They are 
timber-trees with bitter astringent bark ; Ubntm cainpr’sl rus is the common 
Tllm-tree, U. montana the Scotch or Wych J^lm. VeliU australis^ called 
the Nettle- tree, has a drupaceous fruit of astringent quality. 

PLATANACEwE (the J^lane OitnEit) consists of trees with watery 
juice, alternate palmately lobed h*aves, she; tiling stipules, Jind monm(‘iou8 
flowers in separatf5 and naked globular luatds, dtistitute of calyx find co- 
rolla, or surrounded by scales or bristles ; the fruits consisting of heads 
of clavate 1-seeded nucules furnished with f bristly dowui along the base ; 
seeds solitary, rarelj^ 2, pendulous ; embryo i i very thin perispevm ; radicle 
inferior. — Tlui Plane-trees {J^latanus, L. ), i atives of North America and 
the Levant, naturalized in our parks and squares, are chiefly remarkable 
for the beauty of their form and foliage. The stipules ai-e intra-axillaiy 
and sheathing, the petioles dilaU:d at the base and concealing the hud, 
owing to the fusion of the edges over the bud. The structure of the 
inflorescence is amentaceous as regards arrangement and the absence of 
envelopes; hut the ovaries are like those oi' A rlocarjxYe, from which they 
are divided chiefly by the achhunydeous flowers, the inferior radicle, and 
the presence of perisperin in the seed. 

Myihcaceje constitute a small Order of shrubs with resinous-dotted, 
often fragrant leaves ; monoecious or dioecious achlamydeous flowers, both 
kinds in short scaly catkins ; slameus 2-10 ; ovary 1 -celled, with 1 erect 
ovule ; fruit drupaceous ; embryo without perisperin ; radicle superior. 
They differ from the other amentifi'rous Orders in the simple and free 
ovary ; they are also related to Urticacea), hut difler in the amentaceous 
infloi*e8ceuce and in the stnicturo of the seed. They have many points 
in common with J uglandacefe, but difler in their achlamydeous flowers 
and superior ovary. — They are aromatic shrubs or trees, with tonic and 
astringent properties ; and resin, and oil are obtained from them. 

Gcue^ the Bog-Myrtle or Dutch Myrtle, yields an aromatic oil 
and secretes wax; JE*. cenferaf the Wax-Myrtle, secretes a green ^x; 


Fig. 432. Fig. 433. 



Fi{?. 4S2. Flower of Ulmua. 
Fij>. 433. Fruit of ULmua. 
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Comptonia mpUnifoUa is used in cases of diarrhoea in North America. The 
Ihiit of Myrica sapida is eaten in Nepal. — Genera : Myrica^ Comptonia, 

BETULACE^ (the Bitioh Ohdeh) consists of trees or shrubs; 
monoecious, with both kinds of flowers in scaly catkins, achlamycleous, 
2 or 3 under each braxrt (scales of the flowers whurled in Alnus) ; ovary 
2-celled, 2-ovuled, ripening into a dry, 1-celled, l-seeded, often winged 
nut, without a cupule ; seed pendulous, aperispermic ; radicle superior. 
Illustrative Genera : lidula^ L. ; Alnusj L. 

AlSnities, &c. — This small Order is distinf^^uislied from Cupulifera3 and 
Juj^landaceai by the free ovary, and the reguhu* occurrence of 2 cm'pels in 
the ovary, one cell, however, btdng usually obliterated in the fruit. From 

Fig. 434. 


Fig. 435. 


Fig. Mul<! anti fi umlt* catkiiiM of the Jlirt h. 

Fig. 4o6. bumaroid fruit of tlic Uirch {ISetuta alba). 

Salicacejc they differ in the 2 cells, and by the solitary ovule in each cell. 
These plants fcelong chiefly to t(*mp(Tale and (iold climates ; BHula nuna 
and Alnus invana form dwarf shrubs furtlntr north than any other woody 
plants, except some ‘Willows. The haih is regarded as tonic and astrin- 
gent, and an empyreumatic oil is obtained from that of the common 
Birches lietula a/ha and ylutinosaj which gives the p^tculiar odour to 
Bussia leather. The bark of B, pupyrucra is used i‘or making baskets 
and many other articles in North America. The sap of B. alha^ niyra^ 
and Icntn yields sugar at certain seasons. Ainvs yluiimma is the common 
Alder; its wood is esteemed for work to remain ujider water, and for the 
manufacture of charcoal ; the leaves and fenuile calkins are sometimes 
used by dyers. 

SALIOAOE/E (the Willow Obder) consists of dia^cioiis trees or 
shrubs, with both kinds of flowers in c,alkins, one flower under each bract, 
entirely destitute of envelopes, or with a inenihranous cup-like perianth 
(flg. 437, Bopulus ) ; the fruit a 1-celled and 2-valved pod, containing 
numerous seeds clothed with long silky down ; no pensperm ; radicle 
inferior. — Illustrative Genera ; L. ; FopuluSy L. 

, Ac. — This amentiferous Order, consisting of but two genera. 





346 


SYSTEMATIC BOTANY. 


one of which, Salix^ is rich in species, is at once distinguishable by the 
2-valved fruit having numerous seeds clothed with silky hairs. The 
2-carpellary ovary and the inflorescence connect them ck)sest ^ with 
Betuiaceie. By some they nre placed near Tamariscaceae. — The Willows 
(iSalix) and Poplars (JPopulm) belong to temperate and cold climates. 
Some are valuable for their timber j the young shoots of Willows furnish 
material for basket-work ; and the bark has usually febrifuge properties, 
depending on the presence of Salicine. Populm nigra is the common 


Fig. 436. 



Fig. 4:V). 5 catkin of Willow. 

Fig. 437. male and ? female flower of Fopulm, 


Black Poplar, of which the Lombardy Poplar appears to be a fastigiate 
variety ; P, trmmla is Ihe Aspen ; P. alha is tlio Abede, or White Poplar. 
^alix hahylonica is the Weeping AVillow ; Sallows and Osiers are the 
shoots from pollard stumps of iSaliv vitninulisf vUdlina^ &c. ; Salix alha is 
the ordinary Willow- tree found hy river-sides. \\'illow-wood is used to 
some extent in turning, on account of its white colour, and it is esteemed 
lor making charcoal. 

CASUAllINAChLE are pseudo-leafless trees with pendulous, jointed, 
striated branches, the nodes sometimes witli short toothed sheaths (whorls 
of leaves) ; flowers in spikes, diclinous j the barren flowers in loose spikes, 
with 2 bracts and 1 or 2 -sepals, the latter adhering at their points ; stamen 
1 ; anther 2-celled ; the fertile flowers in dense spikes or heads, 
with 2-4 bracts ; ovary 1-celled, with 1-2 ascending ovules ; fruit a 
collection of follicles aggregated with the bract into cones ; seeds aperi- 
spermic, with a superior radicle. — The species form a small group consisting 
of trees of remarkable aspect, the branches having much tlie appearance 
of the branched Equmta. Tim jointed stems and abortive leaves connect 
theiu also with Eqyhedra among the Gymnosperms, to which they appr(j||ch 
also in the very reduced character of the flowers. The bracts or periamh- 
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segments are variable in number. The single stamen is central, and is 
considered to be a prolongation of tbe central axis. The ovary is, in some 
cases, spuriously 2-celled. They acquire large dimensions; and the wood 
of their trunks becomes very solid and heavy. The greater portion of 
them are natives of Australia, where they are called Beef-wood trees, 
from the red colour of the timber. 

CHLOBANTiiACEiE Constitute a small Order, having the following cha“ 
racteristics. Herbs or under sliriibs with jointed stems swollen at the 
nodes, opposite simple leaves with sheathing stalks and minute inter - 
petiolar stipules; flowers in terminal spikes, achhimydeous, hermaphro- 
dite or sometimes diclinous, with a scaly bract ; stamen 1, or, if more, 
coherent and detinite ; in the hermaphrodite flower anthers 3, 2 lateral 
1-celled, median 2-colled ; ovary 1-celled, 1 -seeded; seed pendulous; 
embryo in the apex of fleshy perisperm ; radicle inferior; cotyledons di- 
varicate. — Nearly related in general character to Piperace.a?, hut dilleriiig 
from them and from ftaiiriiracea) in the absence of the double endosperm, 
the embryo being witliout the {inmiotic sac ; ” there is a more distant 
relationship to Urticacein, and porha])s some affinity to Lorautliacem. — 
The plants are tropical, commonly hav<.5 fragrant properties ; and the roots 
of Vhloranthus o^cmcilis and hrachyslw'hya are esteemed as tonic, febri- 
fuge mcdiciiit.‘S m the AVest Indies. Tlie s])eci(?s of Jliulyostntnyi have 
similar properties. The leaves of CUdoranthus uwonsjnctms are occasionally 
used to flavour Tea. 

PIPEKACE/E. The Pkppeh Order. 

Coh. Piperales, lienth. ef JIuok, 

Diagnosis , — Shrubs or herbs witli jointed stems, opposite, 
whorled, or, by suppression, alternate h‘ave.s ; stipules absent, in 
pairs, or singly opposed to tlu^ alternate leaves ; pj 
flowers spiked, herinaplirodite or dicecions, aclilaiiiy- 
deoiis, in the axil of a bract, with which they are 
sometimes continent ; stamens 2 or more ; anthers 
1-2-celled ; ovary free, simple, 1-celled, with a single 
erect orthotropons ovule ; fruit somewhat tleshy ; 
seed erect, with the embryo in a distinct sac {am- 
nios) at the top of copious perisperm ; radicle siipe- 
rior. — Illustrative Genera ; l*ept:romia, 11. & P. ; 

Macropiper^ Miq. ; Okavioa, Miq. ; Cubeha^ Miq. ; Piper, L, ; 
Artanthe, Miq. 

Affinities, Ac. — The stems of some of the Piperaceae present so irregular 
a form of arrangement of the wood, that some authors have regarded 
them as belonging to the Mouocotyledonoiis class ; but this structure is 
not exactly that of the Monocotyledons, and they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may, however, 
be regarded as connecting the two classes through Aracese, themselves 
soDii^what anomalous forms of Monocotyledons. The chief peculiarity of 
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the wood is the presence of woodv bundles (sometimes forming a complete 
ring) in the pith. The tribe PeperomiecB are said by C. de Candolle to 
have no cambium ring. The Piperce always have a cambium ring. 
Their nearest relations are Chloranthaceae and Saururacefe; but they 
differ from the former in the sac of the embryo, the erect seed, and the 
alternate leaves ; from tlie hitter in the simple ovary and the absence of 
stipules. They are more distantly related to Urticaceje. 

Diatrltmtloxi. — A large < )rder, the species of which ai-e for the most jpart 
tropical ; most abundant in the hottest parts of America and of the Last- 
Indian islands, in damp situations. 

Qualities and Uses. — Pimgent and aromatic, more or loss astringent 
or narcotic. Jllack Pepper consists of the dried fruits of Piper ni(jrmn ; 
White Pepper is the same with the llesliy epicarp removed by crashing. 
I^nig Pepper consists of the dried spikes of Vliarica Iloxhui'ghii {Piper 
lontfum) ; other species of Ohaeica us(‘d in India and Tropical America, 
with Artanthv adnnea, Ike, The h'livos of (%aviea Petle are cJiowed, mixed 
with slices of the iletel Nut (Areca oleracm) and lime, by the Malays and 
other Indian races. Ilie ripe fruits of Cuheha ojflcinalu^ ecmina, WallichUf 
ttc. form Cub(*b8, or Cubebs Pepper, and have aromatic, stimulant, and 
purgative properties ; Artmithr ehmpata and adunca are said to have 
similar virtues. Macropiper methijstimmy the Ava or Kava of the South- 
Sea Islands, has powerful narcotic properties. The leaves, or powdered 
loaves of Arlanihe elomjala are also esteemed as a styptic, known by the 
name of Matico, in South America (other plants are also called by this 
name, such as Bupatorivm (jhdinomm). Most of the plants of this Order 
possess some of the above properties, more or less powerfully marked ; 
Artanthe crocata yields a yellow dye, obtained from the spikes of fruit. 

SAURUUACEiE Constitute a small group of aquatic or marsh plants 
of North America, C'hina, and North India, related to Piperacese, but 
differing in the compound ovaries and stipulate leaves and wood destitute 
of bundles in the pith. They are more or less acrid. cemum is 

sometimes used in medicine, an irritating cataplasm being made irom the 
root. 

CKRATornYLLACKJE 8X6 fiquatic herbs with whorled, finely dissected 
leaves, and minute axillary and sessile monoecious flowers, without floral 
envelopes, but with au H-l^-cleft involucre in place of a calyx ; the fertile 
flower is merely a simple 1-celled ovary, with a suspended orthotropous 
ovule; the seed filled by a highl}" developed einbrj^o with '2 cotyledons and a 
conspicuous plumule; radicle very short, inferior. — The genus Ceratophyl^ 
Imriy of which some authors describe 6 species, while others reduce them 
to 1, const.itut(\s this (Irder, consisting of aquatic plants -with whorls of 
leaves, and having almost the appearanceof somel ’onfervoids. The relations 
of Ceratophyllmn are obscure : it has been connected with the Ilaloragaceae 
from its resemblance to Myidophylluniy w’bile Lindley places it provisionally 
among his Urticalea, and llaillon refers it to Piperacea?. The most re- 
markable point is the structure of the seed, which is aperispermic, and 
consists principally of 2 fleshy cotyledons, inside which stand a decus- 
sating pair of leaves, and within these, surrounded by withered eado- 
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sperm-cells, is the plumule, bearing the whorl of leaves separated by a 
short internode from the second pair. In the highly developed state of 
the plumule they resemble Nelumhium, They are found in ditches, &c. 
throughout the northern hemisphere, and they have no active properties. 

Callitbichace^ are small aquatic annuals, with opposite entire 
leaves, and solitary polygamous axillary flowers, without any proper 
floral envelopes ; stamens 1 or 2 ; fruit 4-lobed, 4-celled, 4-.seeded ; seeds 
pendulous ; embryo inverted in the axis of fleshy perisperin ; radicle very 
long, superior. — This Order consists of the genus CalUtriche^ comprehend- 
ing the Starworts of our freshwater pools, of which (> species occur in 
Europe and North America. Their flowers are so simple that it is difficult 
to settle their affinities. Some regard them as related to Ilippuris, among 
the Ilaloragaceffi ; but they appear to be truly achlainydoous, whence 
others consider them allied to Euphorbiaceai, from which they differ only 
in their 4-lobed ovary and in the structure of the seed. They have no 
known properties. 

PoT)OSTEMAOE/E are aquatics, growing on stones in fresh running 
water, with much the aspect of Seaweeds or Mosses; the minute flowers 
bursting from a spath(i-like involucre ; periantli 0 or of souiils ; stamens 
1 or many, hypogynoiis; ovary free, compound, 2-3-celied, with 2 3 
stigmas ; ovules numerous ; fruit a many-seedod, ribbed capsule, the pla- 
centation of which is axile or parietal ; seeds aperispermic, with a straight 
embryo. — This is a group of very curicms plants, having a diwstinctly Dico- 
tyledonous embryo, but much the habit of tlio Monocjotyledunous Naia- 
daceiXJ. ^ Lindley regards them as related to J^latinaccie, or possibly to 
Plantagiiiacefji, by of Liftorella, lipdrostachyH is diclinous, the other 
g(.*nera perfect. In some of the genera there is no real distiuc.tion between 
stem and leaf, the structure hidng analogous to a tliallus. They are most 
numerous in South America; some occur in India; one in North Ame- 
rica. They have no active propertif^s ; but some species of Laois used 
for food on the liio Negro and other parts of South America. 


Series 2. or Epiotn/E. 

Ovary inferior. Perianth more or less distinct in the male or 
female flowers, or both, sometimes none or very indistinct. 

JUGLANDACE.;E. The Walnut Obdeb. 

Coh, Qiiemales, ILook. 

Diagnosis . — Trees with alternate pinnate leaves, without stipules : the 
sterile flowers in catkins, with a simple scale or an irregular perianth ; 
the fertile solitary, or in small clusters, with a regular 3-^-lobed perianth 
adhering to the incompletely 2-4-celled ovary, with only 1 erect ovule. 
Fruit consisting of a dehiscent husk enclosing a woody shell, containing 
a large 2-4-lobed orthotropous, aperispermic seed; cotyledons oily, 
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sinuous ; radicle short, superior. — ^Illustrative Genera : Jt^fflanSf L. j 
Carya^ Nutt. 

AflSsiitles, ist , — A small but well-marked p^’oup, nearly related to Cupu- 
liferse, but differing^ in the solitary ovule and in the absence of a cupule. 
From the resinous juices and pinnate leaves, they have been regarded as 
allied to Terebintnaceje ; but the latter have petals, a free ovary, and 
curved ovule. The Walnut (Juylanf^ rcffia) is a well-known example of 
the Order. The wood of this, as well as of J. niyra, is valued by carpen- 
ters. The nuts of J. cinerea are called Butter-nuts in Canada. Cary a 
alha, the Hickory of North America, has tough, elastic wood and an 
edible nut, as also has C, oliviformu. 

CUPULIFEEJi:. The Oak Order. 

Coh. Quemales, Hook, 

Diagnosis . — Trees or shrubs with altemnle simple feather-veined leaves 
and deciduous stipules ; monoecious flowers, the barren in catkins or 
<;lustered, the fertile solitary or clustered and fiiriiislied with an involucre 
which fonns a enp or covering to tlie flowers (lig. -130); cl stamens 5-20, 
insei’ted at the base of scales or of a membranous periantli ; J ovary 
crowned by the rudimentary teeth of an adlnn’cnt calyx, 3- or more celled 


Fig. 439. Fig. 440. 



Fig. 439. Querew: a, vortical section of female flower; 6, cross section. 
Fig. 440. Opened involucre with two flowers of Caatanea. 


(fig. 440) ; stigmas nearly sessile ; ovules solitary, or 2 in a cell ; fruit a 
nut, 1 -colled by abortion, woody or leathery, more or less enveloped by 
the involucre (cupule), containing 1 or 2 seeds (the rest being abortive), 
destitute of perisperm j cotyledons large and fleshy j radicle minute, supe- 
rior. 


Illitstr.\tivr Genera. 

Tribe 1. Er-CtrpuLiFER Ai:. Mahjimrei's with a perianth, femah perianth 
(^-lohed; orari/ 2-%-celled ; fruit of \-^^8eedexl nuts, in a hard or thick 
euptde or involucre, Quercus, L , ; Castanea, Gcertn. j Fagus, L. 

Tribe 2. Corylaceje. Mah floorers with a single scale, female pei'ianth 
iiTegulai'ly Ivhed ; orarg It -celled toUh 2 pendulous ovules ; fruit a nut 
in a foliaceous involucre, Carpinus, L. j Corylus, L, 
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AfltttiiWAs, Ao.— Mated to the Urticacese, but dififeriug in the inferior, 
many-celled ovary, and in the character of the fruits and seeds. From 
Betdlacece and Salicacene, to which they are closely allied, they are sepa- 
rated by the inferior position of the ovary. Brongniart indicates an 
affinity with Pomaceae. Some authors separate the Oorylacese from 
Cupuiifera3 by reason of the achlamydeoiis male flowers and of the leafy 
cupuleof the female flowers of the former. In the Hazel {CoryluF) at 
the time of flowering the female flower consists of ovary begirt with an 
adherent and scarcely perceptible calyx, and surmounted by two styles. 
The cells of the ovary with their ovules do not appear for months after- 
wards. The pollen is generally roundish or ovoid, with three plaits. The 
cupule of the Oak seems to be the dilated concave end of a branch ; the 
scales represent stipules. The maturation of the acorns tnkes place in 
one year, or not until the second year after formation. The rind of an 
acorn, chestnut, or beech-nut, and the shell of a filbert, are the hardened 
and consolidated calyx -tube and ovary enclosing the (by abortion) soli- 
tary seed. 

Distribution. — A large group, the members of which are for the most 
part natives of forests of temperate climates. 

Qualities and Uses. — Tiinber-treos of great importance, some also having 
edible fruits ; the bark and other parts more or less astringent. Quermis, 
a very extensive genus, indudes Q.. Rohiir, British Oak, of which there 
are two varieti(^s, Q. ses-nliflora, Durmast, and Q., pvdmwnlata, Q. 
furnishes cork, which is a thickening of the cdlular layers of the outer 
bark, which iucrense year by year, and are separated by deep-coloured 
periderm-cells. The outer rough cork is called the male cork; the inner 
cork-cells near the liber are much finer and constitute what is called the 
female cork. The cork is removed about once in seven yeai’s. Q, ALyilops 
has large rough, cupidos, extensively us(‘d by dyers under the name of 
Valonia ; (}. cocci fern is the Kermes Oak; Q. tinctoria furnishes Quer- 
citron Bark ; Nut-galls are produced by the attacks of an insect on Q. m- 
fcctoria ; Q. Ilex is the Holm Oak, or Evergreen Oak of our shrubberies. 
Between 200 and .300 species of Querem exist, some of which have edible 
fruits. The leaves of Q. mannifera exude a sugary substance ; Corylm 
is the Filbert or Hazel ; Castanca veacn tlie Sweet Chestnut ; C, 
amcricana produces a smaller nut; Fagus }<ylmtica^ i\io. common Beech, 
has a valuable hard wood, as also Carpinm the Hornbeam ; and 

Osfrya ninjinicu is called Iron-wood in North America. Oil is obtained 
by pressure from the seed.s of the Beech and the Hazel ; the Nut-oil of 
the latter is largely used by painters. 

GAURYACEiE. — A small Order of shrubs of North-west America, and 
having amentaceous inflorescence, unisexual flowers, a 2--4-parted perianth, 
definite stamens, and a 1-3-celled inferior ovary, with 2 pendulous ovules ; 
seeds with a minute embryo in abundant perisporm. They differ from 
HamamelidacesD in their apetalous flowers, definite stamens, and baccate 
fruit. By Bentbam and Hooker they are included under ComEWjeoe. 
They are "also allied to Gimnera in Araliacese. 
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LOEANTHACE^. The Mistletoe Obdee. 

Coh. Santalales, Bmth. et Hook, 

Diagnosis . — Shrubby plants with leathery greenish foliage, parasitic 
(naturally grafted) on trees ; leaves opposite, exstipulate ; flowers perfect 
or diclinous ; perianth adherent, with 4-8 lobes ; stamens 4-8, superposed 
to the segirionts of the perianth ; ovary inferior, 1-celIed, with S ovules 
pendulous from a free central placenta, or 1, erect, arising from the base 
of the cell ; fruit succulent ; seed 1 ; embryo in fleshy perisperm ; radicle 
remoter from tlie hilum. — Illustrative Genera ; Viscunij Tournef. ; Loran- 
thus, L. ; Mi/zodaidroriy Sol. 

Affinities, &c. — I’liese remarkable plants are distinguished by their 
peculiar paiMsitic halat. 'J’h<}y arc nearly allied to Santalacem, present- 
ing, like tlnit Order, a naked nucltms as the r;'pr(isentative of the ovule, 
and are furllier (Oiaracteri/.ed by the strange extrusion of the apex of the 
embryo-sac before or after fertilization. Besides th(i curious structure of 
the flow(‘rs, they have an anomalous organization of the wood, which has 
n(» nn^dalbiry sheath of spiral vessels, but contains scalariform tubes. The 
g('rmi nation of the seeds exliibits sonn‘< intere.sting pbenomeiia : in Viscum 
the seeds adhere to tln^ young shoots of tree.s hv means of the viscid pulp 
of the fruit ; in Mi/zorknfhum there are long feathered processes, which 
coil round the braindies on which they settle ; in eit her case the seeds are 
retained in contact with th(< surfa(.*e of tlu^ shoot upon which they rest, 
where they germinate', and push theur radicle through the bark down to 
the cambium-layer, with wnich th(‘y cv)ntract an organic adhesion and 
become grafted, just as a bud does in tJie ordinary gardening operation of 
budding Hoses, According to Van Tiegbem the stamen and the sepal, 
and the carpel and the ovul(‘ each corr(\spond to a single leaf, the one 
organ being a deduplication from the other. The male ilower consists of 
four leaves in decussate pairs, eacli pelleniferoiis upon the upper face. 
In the female flower the ovule is reduced to an embryo-sac, which is a 
cell of the parenchyma of the ba.se ef the, third pair of bracts or carpels. 
The embryo of Vmoim does not a])pear for several weeks after the appli- 
cation of the pollen. Two or more embryos occur sometimes in one seed 
and become iiuiled together. In Dmmfhns no trace even of ovule is ob- 
servable till after fecundation. Kuyfsia has four cotyledons, or perhaps 
two deeply divided. 

Distribution. — A large Oi*der, of which some are European, as Viscum 
album and Loranffms europcem ; the /najority belong to the hotter parts 
of A.sia and America; Myzodendron belongs to the temperate parts of the 
southern hemisphere. 

Qualities and Uses. — Some of the plants have astringent properties; but 
the most important product perhaps is the viscid pulp of the fruit of 
Viscum album, which is used for making bird-lime. The curiosity attach- 
ing to the parasitic habit is the most striking feature in this Or5er, most 
of the plants growing like our common Mistletoe, Viscum album*, this 
appears capable of grafting itself on a wide variety of trees, being most 
common on the Apple-tree with us, but occurring on Thoms, Willows, 
Limes, Oaks, Elms, and even on Fir-trees. 
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SANTiVLACE^^ (the Se^^ndal-woob Oiider) consists of herbs, 
sliriibs, or trees with entire leaves ; the 4-5-cleft perianth valvate in the 
bud, its tube adherent to tlleovar 3 ^ Stamens superposed to the lobt'S of 
the perianth ; ovary 1 -celled, with 2-4 ovules suspended from the apt*x of 
a free stalk-like central placenta, arising from the base of the cell ; the 
indehiscent fruit 1 -seeded ; seed with abundant perisperm filling th<* peri- 
carp ; embryo straight ; radicle superior. — Illustrative Genera : Thesimn, 
L . ; OsyriSf L. ; Santalion^ Jj. 

Affinities, &c. — Tile definite pendulous ovules, consisting of a naked 
nucleus attached to a free central placenta and protruding the embryo-sac 
before* or afUa’ ft*rtiliz{dion, are very riuuarkable and striking characters 
in this Order, The entire se(‘d is formed in tlw^ embryo-sac, outside the 
nuchuis. Van Tii'ghem thinks that the stamen is not anlouoinous, but is 
a production from the sepal. Tie also thinks that the placenta is a dedu- 
plication from the ovary, and that the ovule is the tt;rminatit)n of one of 
these appimdages, one for each of the throe carpc‘ls. liaillon considers that 
the ptniauth of Thommt and Santalnin is a corolla by reason of the simulta- 
neous, not siiceeasive, evolution, &c. The calycode’’ is an expansion of 
the rf^ce.ptackn The neau^st relations probably with tin* LoraiithaceU}, 
which, howevt^r, diller in liabit, being skuu -para sites, and luiving less 
complete and sometimes imperfect flowers. ThvMam is partially jiarasi tic 
oil the roots of otlu‘r plants, is a more remote relation to Olacacem 

and allied Ord(‘rs in the ptuiantli and ovuli‘. 

Distribution. — A small Order; the Tkiropeau and North-Am(‘ricau 
8pecii‘s ar(‘ inconspicuous herbs ; in India and Australia they are shrubs 
or small trees. 

Qualities and Uses. — Sandal-wood, the wood of Simtalum alhuni^ is 
perliaps tlie bi;sl-known production of this ()rd(‘V. The seeds of the 
Qiiandarig Nut (Fnsarma acuniinatus) are eaten like almonds in Australia. 
Some species are astringent. 

llALANOPHORACl^zR are root-parasitos with aniorpbous fungoid 
stems, destitute of leaves, never grex^n, with fh^shy subUirraiR;ous rbi/.omes 
or tubers, and naked or scaly peduncles bearing spikes of Howors ; flowers 
mostly unisexual j male flowers conspicuous, with a tubular entin^, slit, 
or 3-5-lobed perianth, valvate in the bud j stamens usually 3-5, more or 
less connate, or distinct; female flowers very minute ; perianth with the 
tube adherent, and mostly without a limb, or 2-lipped ; ovary inferior, 
mostly 1 -celled ; stykjs 2 ; ovulti solitary, pendulous ; fruit a small, com- 
pressi^d, 1-seeded nut ; seed with bard granular perisperm and a lateral 
amorphous embryo. — Illustrative General : Balanophora^ Eorst. ; Cynomo- 
riuiriy Michel. ; Sarcophyte^ Sparrin. ; Ilehsisy liich. 

Affinities, & 0 . — Tlio peculiar parasitic habit and fungoid texture of the 
plants of this and the two succeeding Orders have induced many authors 
to sfjparate) them from all other Floweidng plants as a distinct class ; but 
the grounds of this separation seem untenable : parasitism occurs in plants 
of the most varied structure, and this character of habit is not even of 
ordinal value. The structure of the stems of Balanophoraceas is merely a 

2a 
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degraded form of the Dicotyledonous type ; and the flowers are in like 
manner provided with all the real essentials of the Plianerogaraous struc- 
ture, since the acotyledonous embryos, upon which stress has been laid, 
occur in Orobanchacese, Orchidacese, and various other Orders. The 
vascular tissue of the parasite is continuous with that of the host-plant. 
Stomata and hairs are alike scarce in these plants. Hooker, who has 
elaborately investigated this Order, regards them as having affinity, 
in their floral structures, to the IJaloragacese, where, as in Hijypuru^ we 
And in plants not parasitic a reduction of the parts of the flowers as com- 

S lete as that in Cynomorittm. They are closely related to Gunrt£ra ; but 
ifler in their jmrasitic habit, abscmce of leaves, &c. The ovule of these 
plants is g(*nerally reduced to a unicollidar nucknis, and that nucleus desti- 
tute of coats. — 'J'h(‘y occur on the roots of various JHcotvledonous trees, 
chiefly on the mountains of tropical countries, esp^'cially the Andes and 
the iJimalayss; a few occur at the (hj])e and otlier parts of Africa, and 
souK^ in Australia. Cyjiomorlmn is found at Malta, North Africa, the 
Levant, and the Canary islands. 

Qualities f>nd Uses.— Many of the plants seem to havf‘ styptic qualities ; 
Cynonatrimn cavciitmm was foriiKuiy highly valued hy surgeons for this 
piirpo8(', iiii(l(‘r f]i(‘ nain(‘ Fuuyvx incUtrmis. Its ladicle is din'cted up- 
wards in gei’niinaiion ( VVedd(‘lI ). Some have a very disagi’eeable odour, 
others are eaten like Mushrooms. 

CvTrNA(U-;ji2 are root-parasites of flingoid texture', with flowc'rs perfect 
or rnoncecious, solitary and sessile or clush'red at the end of a scaly 
stem ; perieiuth tubular at the base, o-il-paited above, aiidra^ciiim colum- 
nar, coniit'cti'd by four S('pta with tin 5 base of tiie perianth ; anthers in heads, 
eacli surmounted by a subulate coniK'ctive' and opening by slits ; ovary 
inferior, suriiiounted by a style which lias four lottos at the base super- 
posed to the ptu'ianth sc'gments; otu1<'s vi'ry numerous, gi’owiug over 
8 branching ])ai’it‘tal placmtas, generally with only one coat; fruit a 
1 -colled, many-seeded berry; sot^ds imbedded in pulp, porispermic or 
aperisperinic ; embryo amorphous . — (^yfinm hypochlis (South Europe) is 
parasitic upon the roots of Cistus^ and lias iiiiisexiial flowers ; Hydiioray 
a Cape plant, grow'ing upon fl('shy Euphorhua and other succulent plants, 
has hermaphrodite flowers. Except in habit, they have very litth> con- 
nexion with tlie Balauophoraceae ; and from KaiflesiacesD they differ in 
the 8-nierous structure of the j^erianth and the longitudinal dehiscence of 
the anthers. In llydmra the o^ ule is immersed in the structure of the 
placenta, as the buds of some species of Oniithoyalum in the leaf. These 
plants are supposed by some writers to have a conin^xion with the 
Monocotyledons through Bromeliacea ). — Vyiinm has astringent qualities ; 
Hydnora africana^ which has a putrid smell, is roasted and eaten by the 
African natives, and is also used for tanning purposes. — Genera: Cytinm, 
Jlydnora, 

RAFFLESIACE are parasites of fungoid structure, without stems 
or leaves ; the flowers solitary, sessile upon the branches of trees, sur- 
rounded by scales, perfect or dioecious ; perianth 6-10-parted, with a 
circle of scales or a ring in the throat j anthers 2-celled, and opening by 
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distinct pores, upon a salver-shaped or subglobose column adhering to the 
perianth, niunerous, distinct or connate, or concentrically many-celled 
with a common pore ; ovules very numerous, growing all over the parietal 
placentas of the 1-celled ovary ; fruit an indehiscent pericarp, with a 
great number of perispermic or aperispermic seeds with an undivided 
embryo. — Illustrative Genera : Rafflesia, 11. Br. ; Sapria^ Griff, j 
sti/les, Guill. 

Some of the Ralilesiaceae occur parasitic upon species of Cisstts in 
the East Indies, others on Leguminous plants in South America. They 
differ from Cytinacese in the absence of a stem, the 5-merous peri- 
anth, and the porous anthers. They are sometimes regarded as related to 
the Aristolochiacem. Rafflena Amoldi^ a plant of Sumatra, is a wonder- 
ful object, consisting of a gigantic flower of fungoid texture, measuring 
3 feet across, and W'oighing 14 lbs., emitting in decay a smell like pu- 
trescent hesh. This and t>ther species seem to have styptic and astrin- 
gent pioperties. 


AETSTOLOCHIACE.E. Tin: Bnrrii-w(.iiT OituEii. 


Diagnosis. — Climbing shimbs or 
low herbs, with perftjct, j*eguhir 
or irregular fiovNors ; tin) con- 
spicuous single tubular pcirianth 
(tigs. 441, 442) (valvate in tln.^ 
bud) adherent below to the b- 
celled ovary, which becomes a 
many-seeded (>-C(dled cajisiilo or 
berry; stamens (3-12, more or 
less adherent to the style (fig. 
443) ; anthers aduate, (‘Xtrorse ; 
ovules numerous ; seeds peri- 
spermic ; oiubryo*minute — Illus- 
trative Genera: J.«u/*U7//,Tournef.; 
Aristotochia., Tournef. 


Fig. 441. Fig. 443. 



Fig. 441, Flower of Arixiolnchui ClematitUi, 
Fig. 412. Perimitli of Afinrum. 

Fig. 413. Ovary aud stamens of AristolocUa. 


Affinities, &c. — The apparent stipules of this order are the first leaves 
of an undeveloped bud. The .six carpels are su pf.tr] )o.sed to the stamens, 
and it has been said that the styles are only outgrfnvths from the back of 
the stamens. The ternary structure of t he flowers of this Order, together 
with an aberrant structure of the w’’ood, which presents no concentric 
rings, seems to indicate that these plants have afhuities to such Mono- 
cotyledoiious Orders as l)ioscoreace«ne, Aroideie, and Taccaceie, although 
they are really Dicotyledonous. Their more immediate relationships are 
obscure ; most authors connect them nearly with Nenenthtrceae, the 
affinities of which, again, are not clearly made out. They have many 
characters in common with Santalacem. Their stamens, adherent to the 
style, distinguish them from all other Alonochlamydeous Orders. 
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Distribution. — A larj?e Order, the epeeiea of which are generally dif- 
fused ; most numerous in tropical South America. 

Qualities and ITsos. — Some of these plants have enjoyed considerable 
reputation, having pungent, aromatic, and stimulant qualities. The^m- 
toiochifp. take tludr nanici from the roots of A. Clematitisy longa, rolunda^ 
and others Ixung us<‘,d as emm(‘nagogu(*s. A. SiTpentaria^ Virginian 
Snake-root, is one of the many so-called specifics tior Snake-hites, and it 
is stomachic and tonic. It is worth notice that several species of Aris-- 
tolochia in different countries are considered hy the natives valuable 
renunlies in easels of snak(i-bito. Amrmm vuropfmm,, Asarahacca, is acrid; 
its leiiv(^s were* formerly much usc'd iu a sniilf t;m]doyed in affections of 
tlie eyes. Some of tliest) plants arf) very liai^dsome cliinbors, with large 
cordate leaves and striking b(dmet-sba])ed flowers ; those of Arisfolochia 
cardida are huge ('iioiigh to be used as caps hy the Indian b(»y8 in the 
Ibaziliaii woods. Idle West-African A. Goldieana is equally large. 


Subclass II. GYMNOSPEJLMIA. 


Pliaiicrogamous plants, with acdilamydoous nniscxnal flowers ar- 
rang(*(l in s])ikcs, the male flowers consisting of antheriferous scales 
serially continuous with tbehnivi's and coilocted in deciduous catkins. 
Pollen-grains dividing, prior to the emission of the pollen-tube, into 
secondary cells. The female flower 
consists either of open carpels (fig. 

444, a), bearing naked ovules, 
standing in the a.xil of a bract, and 
arranged in pijrsistent cones, or of 
naked terminal ovules surrounded 
by a few scales ; seeds perisjiermic. 

Thc: endosperm iu the embryo-sac 
is formed previous to fertilization, 
and produces corpiiscula or arehe- 
gonia. Embryo bearing 2 cotyle- 
dons, whieli are siinjile or divided 

into several lobes—a whorl of 4 or a, carpel of Pmu, (a, ovules); B, scale of 
more cotvledons (fig, 444, E) accord- «one (npe carpel) of Pintw, with seeds 

. , • (a)w »itu\ C, winced npe seed (o, 

iUg to some authors. seed) ; D, section of seed, showing 

embryo in endosperm; E, embryo 
genuinating. 

The members of this group are remai’kable tis forming a bond of union, 
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in many important parts of tlieir organization, between the Angiospernious 
Phanerogams and the higher Cryptogams; and this applies m some 
degree to their histological as well as to their mor})hological construction. 
The Cycadaceae have the habit of Palms, or oi' arborescent Perns ; their 
fertile foliar organs, or stamens and carpels, resemble in Ci/cas the fertile 
leaves of Perns ; in Zamia^ as in Pinaceie, the car}>els approach nearer to 
the condition of the carpels of Angiospemis, but are flat or open. 

The structure of the female flower has been a subject of much controversy 
among botanists ; the account above given is that which is on the whole 
the most generally adopted, though it should be staled that many botanists 
regard the outer investment of the ovule as an ovaiy ( Strasburger, 
Ilaillon, Hperk), in which latter case the scale su])portiiig it would have 
more of the nature of a hraneh than of a foliar organ. The re[isons for 
considering the reproductive bodies as naked ovules and not ovaries are 
thus summed up by Alph. de Oaiidolh^ : — i. The mode of de\'el(^pmont is 
centrifugal as in ovules, not ceutripcdal as in [niost | ovarit's ; ii. TJk^ seeds of 
some Conifers {Podocarpm) are anatropal, a position unknown in ovaries; 

iii. The insertion is that of an ovule and not of an ovary. To this it may 
be added that the structure and arrangeuKuit of tiie tissues in the scale 
supporting the ovules are more akin to lh(»se of a leaf than to those of a 
branch. Anatomical investigation shows that while in (.'Jycads the ovules 
are borne on the sides of a scale originating directly Irom the axis, in 
Conifers the oviiligerous scale is the production of an* abortive si'condary 
branch originating in the axil of a primary scale. 

The arguments in favour of the Angiospermons character of Conifers and 
their allies are thus summed up by Strasburger : — i. The female flowers of 
Coniferoi^mdi Gnvtacew are metamorphos(‘d Imds. ii. ICach tlower consists 
of an ovary, destitute of any distinct perianth, iii. The single onvtdope 
of the flower of (kyniferdi is homologous with the outermost of the three 
surrounding the ovule in (hivtaeexe^ which latter, being homologous with 
the carpels of Aiigios perms generally, must itself be considered as an ovary. 

iv. This ovary contains a single ovule, wliich is naked (consisting of the 
nucleus only) in all Cb/jf/fc/w, whilst in (invtawfe it is protected by two 
coats, v. The integuments in GmUwvce. homologous with the ovular 
integuments in the higher Phanerogams, vi. Tlu^se cmvelopes must be 
looked upon as foliar productions, both in (hnifirce and Griniaceca. vii. 
The micleus of the ovule is formed by tlie extremity of the floral axis, 
viii. In both Cotiiferoa and Gndacece the ovary is ff)rnH‘.(l by two carpellary 
leaves, which are primitively distinct, but by the subsequent growth of 
their basal portion they form a tubular structure below ; in some rare 
cases, however, they seem from the tirst to he comphdely united, ix. The 
ovular coats of the Gndaceai are, without ex(!f*])tion, equally developed 
all round the ovules; each of them corresponds to a single leaf. x. Any 
foliar formation, such as makes its appearance in many ikmiferm between 
preexisting leaves (as, for instance, the fmctiferous s(jale in Ahietimm or 
the cupnle in Tavaceo!), is a disk or outgrowth of the axis ; there are 
no such organs in Gnetacece. Professor Strasburger considers the term 
Gymnosperms to be inappropriate ; but as Ta.radSf Cycads^ Conifers^ and 
Gnetads difler from other Phanerogams in having “corpuscles^’ instead 
of germinal vesicles, the terms Archisp(‘rm8 and Metaapenns as substitutes 
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foT Gymiiiiosperms and Ajagiosperms respectively have beeti pro- 

pos^ : T^lie embryo'-saC; corresponding to the macrospore of higher 
Or)^t(^ms, becomes filled with cellular tissue forming an endosperm, 
which IB absorbed after a time in the cases where the seed takes two years 
to ripen, and is re-formed the following spring. The formation of the 
arehegonia or corpuscula will he subsequently alluded to. After fertili- 
zation the corpusculum develops into a pro-embryo, from tbe extremity of 
which the embryo proceeds, tinacese and Taxacees agree with Dicoty- 
ledons in habit ; but the foliage of the latter approaches that of Ferns, 
while there are relations between their inflorescence and that of the 
Lycopodiacese ; (irnetacea} approximate to Casuarinaceaj and Chloran- 
thacea3 in habit ; and perhaps Ephedra may be compared with Equisetum. 
The pollen corresponds to the microspores of Selafiinellay the division of 
its cells corresponding to the male prothallus of those plants. 

PINAOEJ^ OR COlVIFEEaF. The Pike Order. 

Order Conifer}**, Benth, et Hook. 

Diagnosis . — Trees or slirubs, of exogenous structure (see pof^t), 
mostly with evergrc^en, linear, neeclle-like or lanceolate leaves, 
sometimes tufiod, somc^tiiiK's imbricated, mommoiis or dioecioiis ; 
Ihe female flowers iu (•on{‘S, consisting of imbricated scales or open 
(‘arpels arising from the axils of brads, and bearhig (ligs. 444 a 
& 445) 2 or more ovules on the u])per facc^ ; fruit a woody cone 
(lig. 309, p. 152) or a succulent berry formed by coberence of a few 
fleshy scales {galbulus). 

Illitstr a tive G ji : n h n a . 

Suborder 1. Adtetikjle. Orvlvs Subord. 2. Oiti>tiesstneje. Ovules 
inrer/ed, wilh ihe micropyle nex- ihe erect, with micropyle superior; pol- 
base of the carpel ; pollen oval, len sjdieroidal. 

J^iiuis, Z. Juniperus, Tj. 

Abies, Totirnef. Thuja, Tournef. 

Araucaria, Jms. Crypt.omeri}}., Don. 

C! upressus, Tonnief. 

Tax odium, L. C. Itich, 

Affinities, &e. — The above di.ngnosis gives the essential character of this 
Order, which, however, deserves a. little detailed notice, on account of the 
moditications occmrriiig in the diflerent genera, as well as on account of 
the diflicultiea which the structure of the inflorescence may present to 
the student. 

Among the Ahieiinea', in the common Scotch Fir {ISnus sylrestris) tbe 
male inflorescence appears in the form of a compound S])ike, each branch 
of which consists of a number of anthers arrangea in a catkin ; each anther 
is represented simply by a scale, arranged like the leaves, having 2 
parallel pollen-cells, one upon each side of a connective which is produced 
into a little tongue heyond the pollen-cells (fig. 447), and resembling the 
scales of Equisetum. By A. Braun the entire male inflorescence was con- 
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Bidered b» a single flower. The nature ci the pollen is further explained 
in the physiological part of this work. The female inflorescence consists 
of a cone, composed of single carpellary scales, each seated in the axil of 
a membranous bract, the whole spirafly arranged round the axis ; each 
carpel possessing, on the upper face at the base, 2 naked ovules, with their 
points directed towards the base of the carpel. In other Abieti 7 ie<B the 
stamens are more complex : in Canninghamia the anther is 3-celled ; in 
Araucaria many-celled, the loculi consisting of free tubular bodies attached 
by their anices to a thickened connective at the upper end of a slender 
filament. The condition of the carpels also varies, Araucaria and Dammara 


Fig. 445. 



Fig. 445. OpeTi oarj-n'l of fHmtfi, with two naked ovules at the base. 
Fig. 44H. Winged of Pine. 

Fig. 447. Anther-bearing scale of Pinut. 


having btit 1 ovule, Cuminghamia 3, and otlier genera more. A diversity 
also .appears in the cones, from the diflereiit wavs in which the carpels are 
developed ; in IHnm aglveHtri^ and many others, tluj U])jier ends become 
thickened into woody heads {upophyneH) nu'eting in a valvate manner, 
forming the “ tossellie” of the continuous surface of the unopened cone, 
while in Abies, Cunninghmnia, ike. the u])per ends of the ripe carpels 
overlap in an iml)ricaled manner. Tlie brattts are obviously serially eon- 
tiuuous with the leaves of the brancli, hut tlie scales witliin the bracts 
have been the subject of much controversy. The generally .adopted view 
is that they represent two leaves fused togetluir and produ(jed from a 
contracited or undeveloped branch axillary to the bracts, lirongniart 
considered the scale as produced by an enation or chorisis from the bract. 
According to him, in the cones of Cupresmnecr. there are bracts and no 
scales ; in those of Ahietineee the bracts are split to the base so as to 
form a bracd and a scale superposed to it ; while in Araucaria the cone 
consists of bracts only partially split. 

In Cupressineec^ the stamens of Oupress^is, Juniperus, Thuja^ &c. are 
peltate, with several loculi under the overhanging connective ; and the 
carpels representing the female flowers have in Thuja 2 ovules, in 
many, in Juniperus 2 or only 1 erect ovule at the base ; in 
Junipertis the carpels ripen into fleshy structures, cohering together so as 
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to form a kind of berry ; in CaUitris tbe cone is of globose form, and 
composed of 4 peltate scales, tbe apophyses of which meet in a valvate 
manner ; the same is the case with a greater number of valves in Cupressns^ 
while Thufa has the scales more distinctly imbricated, but still with 
thickened apophyses, which meet in a valvate manner (like those of IHnus 
sylvestris). 

The curious fasciculate arrangements of the leaves of Pinus, where 
2, 3, 4, or more occur together, with a common membranous sheath at the 
base, oifer valuable distinctive characters for the species. It is probable 
that these so-called leaves are more properly to be considered as shoots, 
as in Sciadopitys. Their anatomical structure has lately formed the 
subject of examination by Ik^rtrand, McNab, and others. 

i'he affinities of the J*inaceaB are with Dicotyledons by their habit of 
growtli, although there is an essential diflerence in the internal structure 
of their organs ; the inflorescence of* this and of the associated Orders is 
perhaps more liighly organized than that of tlio Oycads, and is connected 
with IMiaiierogams, on the one hand, by the presence of distinct stamens 
and carpels, tlie latter prodneing a perfect se(‘d ; while the nature of 
the processes taking place in the development of the embryo (described 
in the Physiological Part of this work) indicates a close approach to 
the conditions which av(^ met wnth in the liiglnn* Oryptogams, especially 
tSelayinella, The h'aves usually persist often for years. In Thuja^ TuX’^ 
odium distichmn^ and some others, the extremities of the branches fall 
with the leaves. 

Distribution. — A considerable Order even in point of numbers, its re- 
presentatives are met with in all parts of the world ; the species of Pmus^ 
AhwSj and Taxodium growing socially, form charact(5ristic forests in the 
northern hemisphere. They are represented in PalaBOZoic as well as in 
all the more recent formations. 

QnalitleB and TTses. — Most valuable as timber-trees and as sources of 
important resins (tiirpentim^, pitch, «fcc.) used in the arts, and aromatic 
oils and balsams liaviiig medicinal properties. 

Pinus includes; — P sylvesiris, the Hcotch Fir (Xorth Europe); P, Pi- 
naster^ the C/luster-pine, a less hardy tree ; P. palnstri^y the Swamp-pine 
of Virginia; P, Treda^ the Frankincense-pine. Pinm Fremontiana^ P. 
Lamhertiana, P, Sfrohusy &c. are other very valuable timber-trees, attain- 
ing a height of upwards of 200 feet. Pnus Pinvay the Stone-pine of the 
south of Europe, has edible seeds. Abies includes : — the Norway Spruce, 
A. excelsa ; the Silver-Fir, A. peefinata ; Abies hulsamea^ Balsam-of- 
(xiload Fir, and A. eanadmmsy Ilemlock Spruce, both North- American. 
Cedrusy a suhgenus ofAbieSy includes the Oedar of Lebanon {Abies Cedrus 
nr C. Lihani)j and the Deodar {C. Peodm'a)^ which is supposed *to be 
merely a variety of the last named. Larix, another suhgenus, includes the 
European {Abies Larix or Lamx europepo) and other Larch(‘s, characterized 
by deciduous foliage ; Araucaria includes the enormous Chilian Pine {A, 
imhricatd) and the Moreton-Bay Pine (A, BidwiUii). Futcussa excelsa is the 
celebrated Norfolk-Island Pine. Dammara australis is the Cow^rie Pine 
of New Zealand ; 7). orienfalis the Dammar I’ine of India. Sequoia (or 
TJ^ellinytoma) yif/anfeah a Californian Pino, attaining a height of 360 feet ; 
Microcachps ietragona is the Huon Pine of Tasmania. 
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Juniperus is best known in this country by the common Juniper shrub, 
J. vulyaris^ or by the cultivated Savine, J. &hina ; but the species of other 
coimtries are more important, as J. hermudiana and J. virginiana, the 
^^Red Ceda.rs,” the aromatic wood of which is used for cabinid-making 
and for blacklead pencils ; J, Oa'ycedi'uSy a Mediterranean species, forms 
also good and durable wood. Thuja occidentalis and orientalis are the 
Arbor-vitae trees of our shrubberies; is now introduced also 

from Japan ; Cupressus sempervirem is the common Cypress ; Callitri^ 
quadnv(dvis, the Arar-tree of Nortli Africa, has odoriferous and durable 
wood; C. anstralu is the Oyster-JUay Pine of Australia. Taxodium 
distichum is the Deciduous (^y])res,s of the United )Statos, and characterizes 
the Cypress-swamps of the Houtherii States. 

Among the above, turpentim*, rc'sin, and pitch are derived from many; 
impoj'tant kinds of revsin are : — common tnrpeiiliue, resin, pitch, and Jhir- 
gundy pitch, from ISnun sylvestris; Venice turptmtine from the Larch; 
Strasburg turpentine fi’om Ahiea pevUnata', lioribjaux turpentine from 
1\ IHnasier »fec. ; Canada Jlalsani from Ahiea halmmca and A. vmiademh\ 
Sandarac from Callitns qnad?rralvis ; (Lun-Djimnnir from iMrnmara 
australiny &c. The berri(‘s of Jimipcrm I'u/f/arifi ar(‘ aromatic, and are 
used for flavouring gin ; tlu^y are diurcdic; ♦/. iSahina lias still inon^ aedive 
diuretic prmierties ; and C^up?xssus and Thvja appc'ur to have ])oisojious 
qualities. The large seeds of many otlier Pines, besides the Stonc-piiK*, are 
eaten locally, in a frt'sh state, as of Amnvuna imbneatUy A. Didtrilliy 
The bark of the Larch lias hei'u used to check pi id'use expectoraticjn and 
internal lucmorrliag(‘. 


TAX A CIL'E. Tii k Ykw Oeder. 

Class Conifene, EncU, Class Gymnogems, LindU 

Diagnosis. — Trees or shrubs with narrow rigid leav(*s or broad kiavt'S 
(phyllodes, k?af-like shoots ?) with forlo’d nerves, unis(*xiial naked flowers, 
surrounded by inihricated brac ts, the mal(‘. s(‘veral togi^tlier, each comjiosi^d 
of one or several coherent anthers, the hmuile of a solitary naked ovule, 
terminal or in tlie axil of a bract; tlu; simuI usually surrounded by a suc- 
culent coat. — Illustrative Genera: yV/.r/z-s, Jj. ; Vudocarpnsy LTler. ; Da- 
crydiumy Sol. ; Thyllodadusy L. ('. IJich ; CepladoiaxuSy Zucc. ; ISalishuriay 
8m. 

Aflinities, &e. — The relations of this group, sometimes regarded as a 
Suborder of the PinacH^a.', are the same as those of tliat order; and from 
it these plants differ chiefly in the solitary ovule that replaces the com^. 
It must be admitted, however, that thes(.^ plant s with tlieir solitaiy terminal 
ovule {TaxuSy Torrnja) fa\c»ur the notion that the outer covering of the 
nucleus is ovarian not ovular, for tluu-e is nothing likt% an open carpel, and 
the two bps of the outer en\ elope decussates with the two upper leiives of 
the branch, which seems to indicate their ovarian origin. The leaves of 
Halishuria^ and in a less degree those of other genera, are very similar to 
those of Ferns ; and the stamens of Tiuus closely resemble the sporanges 
of Equiseium. The cfityledons of Salishuria are fleshy, and in germinating 
do not escape from the seed. Torreya has ruminate perisperm. 
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lamall group, the members of which inhabit temperate 
regions gen^raUy, or momwnB in the tropics. 

Qualtt^ and ITses. — ^Agreeing in general with Pinaoese j Podocarpm^ 
Daorydiumf Tama (Yew), &c. yield valuable timber. The leaves of the 
yew are poisonous ; but the pulp of the berries does not appear to share 
this property. The fruits of Saliahuria adiantifolia are resinous and 
astringent. 

GNETACE^ are small trees or shrubs, usually with jointed stems, 
opposite, simple net- or parallel-iibbed, or minute and scale-like leaves, 
and unisexual (rarely herma])hrodite) flowt^rs in catkins or heads ; anthers 
2-8-celled, opening by pores ; female llower naked, or with two more or 
less combined scales, surrounding 1 or 2 naked ovules (?) ; seed succulent; 
embryo with two cotyledons, in the axis of lltjshy perisperm. — Illustrative 
Genera ; Ephreda^ L. j (hicUmi^ L . ; Welwitaokia^ Hook. f. 

Afflinitlei, &o. — This Order is cliiefly interesting as furnishing a link to 
connect the Conifers witli the Dicotyledons, if the plants be considered to 
Lave a truly Gymnospormous organization of tlio tiowen* (a ^iew strongly 
contested by Strasburger and otlu^rs), wliil(^ in gerKU'al structure Ephedra 
approaches to Casuarinn, and Gnetum to Chloranthm. They are destitute 
of the resin so charactc^ristic of Conifers. The ovule ].)resents the curious 
peculiarity that a third intcgumont, immediately investing the nucleus, 
grows out into a long })rocess like a style, and which projects from the 
foramen of the outer coat. WehnUchm mirahilw (tig. 448), a native of 
des(‘rt regions in South-western Tropical Africa, whore it was discovered 
by the botanist whose name it boars, is, in many respects, the most interest^ 
iiig flowering plant now in (existence. It consists of a woody tr-ink, about 
2 feet high, with a long woody root, and teriiiinating above in an irre- 
gulai’ly lobed saddle-like mass, 4-o feet in diameter. From a groove 
bcau'ath the edge of tliis is g-iveji off, on (iacli sid(i, a broad leathery leaf, 
some 0 feet long, and sjdit into luiiiuu'ous thongs. Thesci leaves are 
supposed to be the pca-sisttuii cotyledons ; and no others are produced, 
though the plant attains an ago of at least a hundred years, and probably 
more. The disk at the top of the stem is marlced by concentric lines. 
The inflorescence coiivsists (»f cones borne on forked branches which origi- 
nate from th(i edge of the disk (flg. 440). The cones contain, some female 
flowers, others male flowers ; the latter with an abortive ovule occupying 
the extremity of the axis (fig. 450). The male flower consists of a peiianth, 
as in the male flowers of Ephedra^ ench)siiig six stamens, united by theii* 
fllainents into a short tube, and bearing globose antliers, which open by a 
(1-rayed chink. In the centre t)f tlie flower is a body lilve an ovary, with 
a terminal style-like prolongation and an expandt^d stigma. This pistil- 
like structure invests the nucleus of the ovule, which, in this case, is desti- 
tute of embryo-sac aud embryo. The ovary-like body in this flower is 
shown, from its mode of development and slriicturo, to be homologous with 
the coat of an ovule, and not to possess the characteristics of a.n ovary, ex<x"pt 
so far as superficial resemblance is concerned. The long styliform process 
is similar to that which occurs in the t)vule of Ephedra. The ovule, then, 
of Wehcitschia^ according to Hooker, is strictly Gymnospermous, like those 
of ConiferaD. Strasburgor and McNab, however, dissent from this view. 
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The male flower, according to these observers, consists of a dimerous peri* 
anth in two rows, dx stamens (or two thrice*branched, lateral stamens), and 

Fig. 448. 



Fig. 449. Fig. 450. 



Fi’g. 448. Wefv’ifechia mmthiliit, prcatly rfducj'd. 

Fig. 449. Portion of inflorosernce of WelwitKchin, reduced. 

Fig. 460. Made or hermaphrodite flower of Welvcitachia, reduced. 


two carpels (antoro-posterior), thus : — P 2-f 2 A + .‘J (j 2. In the female 
flower there is neitlnjr p<'i'iaiith nor andro‘.diiiu,but two collateral carpels. 
The carpels in the so-called male flowers are autero-posterior, : ; in the 
female collateral •• . The ovule in tlui mah' flow'or is destitute of an int(> 
gument, while in th(^ female flower it is pr(\sent in the sliape of a single 
ring-like or tubular investment. The structure of the stem belongs to tlie 
IHcotyledonous type, but hadng, in addition to the other bundles, scattered 
vessels passing through the parenchyma, as in I^fonocotyledonous stems. 
Among the ordinary parenchymatous cells occur apicular ’Ncells of large 
size and irregular branching form ; these are covered on the outside with 
rhomboidal crystals of carbonate of lime. Similar cells occur in the leaves 
of Araucaria among Pinaceae. 
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Distribution. — Ephedra occurs in Eurojie, Asia, and South America, in 
temperate regions ; Gnetum in tropical India and in Guiana. 

Qualities and Uses. — Unimportant ; the brandies and flovv(‘rs of some 
Ephedrm were formerly used as a styptic drug. 


CYCADACILE. 

Stfhdass Gymnospermefc, Bmth. cf Hook, 

Dkifimdfi. — Palm-like, dwarf trees with simple trunks, having 
the internodes und(‘A'eloped, the surface tessellated with the scars 
of the fjillon leaves ; leaves cdustered at the summit, pinnate 
(bipinnate in IkoreYiia), parallel-ribbed, more or less hard and 
woody, vernation straight, that of the lateral ])iniuo dreinate or 
ilat, and imbricated : dia^cious, the flowers in cones ; the one-<*elled 
anlhtTs covering the undersurface of the male coiKj-scales (fig. 451); 


Fig. 451. 




Anther-bearinp scaleB (nat. siae), anther and pollen (magnified), of F,ncephalario». 


female flowers either peltate scales with ovules beneath, or flat 
scales with ovules at the base, or somewhat leaf-like scales with the 
ovules on the margins ; seeds with a hard or succulent coat, con- 
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taining one embrj^o or several, in fleshy or mealy perisperm. — 
Illustrative Genera : Ot/caa, L. ; Dion, Lindl. ; Zamin, L. ; Ence- 
2 >halartos, Lehm. ; Macrozamia, Miq. ; Stangeria, Moore. 

Affinities, &e. — With the habit and appearance of Palms, and in soint» 
cases of Ferns (especially in the g(nms these plants agree with 

Pinacete in the t'ssential peculiarities of the organization of their flowers 
and seeds, while the distribution of the reproductive organs over the leaf- 
like carpels and the antheriferous scales in Cyeas, together with the occa- 
sionally circinate vernation of the leaf-segments, coimt'ct this Order with 
the Ferns, thus strengtluming the n^lation Ix'tween thi' Gymnos}>ernis 
and the higher Cryptogams, wliich is so evident in the afliiiities betwetm 
I'inacefe and Lycopodiacea3. The relationship to tht^ higher Cryptogams 
is further indicated by the multif'cllnlar pollen of Cycads, which is analo- 
gous to the microsporangia of Khizocarps. 

Some difference exists in the condition of the rijproductive organs. TJie 
flower-cones, cjjmposed of imbricatc^d scales, appear to be axillaiy ])roduc- 
tions in Zamia ; but in Cycas they are formed from the terminal bud, which 
subsequently grows on (as in the Pine-apple), so that here the terminal 
inflorescence dotvs not- arrt'st the growth of th«^ axis : th(> formation of coiuvs 
occurs at intervals; and wlnm the scales fall off, after the pollen or the 
«(»eda are mature, the shun is found marln^d alterjiatdy with bands (.>f scjars 
of two kinds, those of the true kuives and those of thi^ floral leaves (cai’ixds 
and stamens). In Zamia the cones are lateral, like the spadices of many 
Palms. In Cycas the fcnnale cones are formed of large tiat hiafy carpels, 
with ovules arranged at sonui distanct^- ap)art on the margins ; the male corn's 
are likewise formed of leafy scales, bearing numerous anthers (or hxjuli) 
scattered over the lowru* surfnc<‘, the loculi bt'ing commonly group(‘d in 
fours like the sporangt^s of Mortmsia. In Zamia the cones more mraily 
resemble those of Piiiacero : the male cones are formed of })eltate scales 
(with an apophysis as in the ripc^ cones ol‘ Cupnmus), with the pollen- 
cases under the overhaiigfing luxid ; tlie femak? cones art^ composcid ol some- 
what peltatt^ scales Ireariiig only a pair of ovukjs at the base. The pollen- 
sacs are numerous, sessile, or stalked, on th(^ under surface of the thick per- 
sistent staminal scales. The polk m-cf ills are at first Himpl(3 and more or less 
spherical, but siihs(3qiieiitly they divide into two or more C(dls of diflen'iit 
sizes, the pollen-tube ultimately ])rotriiding from tin? largtir coU. The 
compound pollen, forming a sort of male prothalliuiu, is similar to that of 
Pinacem. 

L. C. Richard regarde^d the female flower of Cycads as formed of a 
gamosepalous calyx adherent to a half-inftrior ovary. J^ayer thought the 
ovary was achlainydeous, surmounted by a short style. Alexander Braun 
also considered the tegument of the ovule to 1x3 ovarian. Van Tieghem, 
basing his opinion on the arrangement of the vtiscular bundles, thinks the 
Cvcads are truly Gymiiosponnous, the ovules being borne on the edges 
of a flat leaf. Gris also arrived at the conclusion that the outer covering 
of the ovule was of the natui’o of an ovular coat, its filiform prolongation 
being the micropyle, not a style. In the ovule of Cycm, as of Pidnus, the 
attached portion of the nucleus, where the coat is still confluent with it, 
is covered with a network of vessels proceeding from the single bundle 
which passes, under the name of raphe, through the coat of the ovtde. 
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It is noteworthy that the fruit or seed may be perfect in all its parts 
without fecundation having taken place, tie embryo ah)ne not being 
formed. Thus in Imthouses one often S(‘es the plants riptming their 

fruit j but altliough evvui the peris])erin of th(> stM‘d is iiilly foi med, there is 
no embryo, the mah^ plant bcitig not in cultivation or not in (lower at the 
time. In tlio ripe seed thti avchegonia or corpuscula are very large, as also 
are the suspmsors or proeinbryos, of which usually only one develops a 
])erfect embryo, the, others remain as withered thu'aAs. 

Distribution, — Tropical and temperate parts of Asia, Anu'rica, Africa, 
and Australia. In a fossil stab' they appear first in the (Carboniferous 
strata, and are abundant in th(^ Lias, Wh^aldeii, and Lower Cretaceous 
formations. 

Qualities and Uses. — Tlu' chief economic value of these plants consists 
in th(i possession of a kind of farina like 8ago, consisting of the starch 
washed from the internal parenchyma of the trunk, or obtained from the 
mealy perisperm of the seeds. Cycas revoluta and Cl circinalis are Sago 
plants in Japan and the Moluccas. Various species of Encephalartos form 
what is called Cafh^r-bread at the Cape ; Dion edule (seeds) furnishes 
a kind of AiTOwroot in Mexico. 
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Class II. MOISTOCOTYLEDONES. 

Angiospermous Phanerogams, with stems in which the woody 
bundles are isolated and diffused through a parenchyma in which 
there is no distinction of pith and bark, the individual woody 
bundles rarely b(nng developed further after the fall of the leaves 
to which they belong ; the leaves (very commonly sheathing at the 


Fig. 455. 



Fig. 452. Leaf of Ql-onosa. Fig. 455. Ternary flower of Luzula. 

Fig. 453. Leaf of Canna , Fig. 453. Diagram of ditto. 

Fig. 454. Leaf oi Sagittaria. Fig. 457. Monocotyledonoug embryo oi 3?otaimgeiwu 

base) generally with a number of nearly parallel, straight or 
curved ribs (fig. 452), or with similar ribs given off from a midrib 
(fig. 453) ; the cross veins suddenly smaller (fig. 454), occasionally 
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net. ted- veined ; the fl outers generally with three organs in each 
whorl (tig. 450) ; tlie floral envelopes often all petaloid, or all green 
or scale-like, rarely with a green calyx and coloured corolla ; seed 
with an embryo with one cotyledon only. 

The floral formula is, as a rule, P3-p3 A 3 + 3 Gr3, subject to 
many modifications by suppression, adhesion, &c. 


Division I. Petaloideae. 

Monocotvhvlons, w ith the floral envelopes consisting of a regular 
or irregular perianth, of two whorls, both jjetaloid, or more rarely 
both h(M*haci‘ous, sometimes with a green or scaly calyx and a peta- 
loid corolla (rarely, as in NauuUcp.^ with a scaly uniform perianth, 
or (juite achlumydeous) : the flowers mostly perbjct, more? rarely uni- 
sexual ; the leaves with tlje primary ribs parallel, or with a midrib 
and parallel sec^ondary ribs, or rarely reticulated somewliat in the 
same luanmT as Dicotyledons, but with the veins branching at 
more obtuse angles. 

Exceptions, &c. — 'Plu' giv'jiter ]>art of the Orders here associated haw a 
niitural (roaiuwien in the structure of the perianth (either su]>erior or in- 
ferior)» the sync{U'|)<nis ovai‘i<‘S, and ])eri8permio stK^ds. Put a small 
a.s.seinhlag<' of Onleis wliich arti in(tlud«*d ht‘re divtnge greatly from the 
gt'ueral character, whili^ thty diflev so iimch from each other that they 
cannot very well hi' s('pa.rat(‘(l in tlai form of tme distinct group: these are 
the JI Ydroi.'harjdaceje,, tlu^ Alismac('a‘, and the Naiadacefe, wliich agree in 
tlu' coiiiiiion chara(‘ter of a.u aperis])ermic seed; hut the first have an in- 
ferior compound nvary, and s«*em to approach Bromeliaceie ; the second 
have more or less distinct carpels, togt'tlnn* with a green calyx and coloured 
corolla, such as occurs in Onmmclynaccie ; wliile tlu* third, with uniform 
scaly pmianth or aclilamydeons, also apocarpous, in their simpler forms 
approach in liabit to the Araceaj. 


Scries 1. E3 »i(vyn.e. 

Flower-tul)(i not separate (adherent to) from the ovary. 

Exceptions, &c. — Many llromeliaceic have free ovaries. 

TACOAClb'E are tropical perennial herbaceous plants with tuberous 
roots and large lt*a\os, scunewhat resembling Araceaa in habit, hut with 
epigyiious, petaloid, hermaphrodite llo\vers, the perianth of which is 
tubular ; concealing 6 stamens with petaloid filaments incurved and hooded 
at the apex; ovary 1-cellcd, with 3 parietal placentas projecting more or 
less into the interior ; fruit a berry ; seeds with fleshy perisperm.— The 
plants are conimonly regarded as connecting the epigynous Monocotyledons 
with the Aristolochiacefle,a Dicotyledonous Order with 3-merous flowers ; 
they have affinity in habit to tne Aracese, and in the flowers approach 
BromeliacesB. The watery juices of these plants are acrid; hut the 
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tuberous roots contain much starch. This is extracted (by washing 
the roots of Tacca pinnafifida) by tlie inhabitants of Tahiti and otlnu' 
islands of the Soiitli Son, who use tho nioai for bread, cultivating the 
plant in fields. This s])(‘cies, and T. dMa, numtano^ and others, are 
used in like manner in Malacca, the Moluccas, (h)chin ('hin.i, Ac., and 
are sometimes eaten raw with an acid, which neutraliztjs tho acridity. — 
Genera: 7hcm, Forst. ; Afaccirij l*ivsl. 

DIOSC-OlihlAf ThF (Yams) are ])lant.s with twining steins rising from 
large tuberous or knotted woody root-stocks, with broad nedted-veined 
stalked leaves, snuill diou ions O-androiis regular flowers, the tube of tin* 
(i-parted ])('rianth adhering in the feitili^ flowers to tlu^ o-cell(‘d ovary ; 
styles 3, distinct or deeply trifid; oviik's 1-2 in a cell; stamens of the 
barren flower t), on the perianth; fruit a G-cMIcmI (or by suppression 
1-celled) diihisceiit capsule, or a succulent berry ; seeds with a small embryo 
in a cavity in the hard pcrisptu'in. — Illustrative' Ginu'ra : Tamm^ L. ; 
corra^ L. 

Affinities, &c. — A'ery n<nir to Smilacejc, fi'oin which Ihey differ in the in- 
ferior ovary and the «*avity in the porisp ‘rni ; tlu' inostlv capsular fruit is 
rc‘])lact'd by a berry ill yV/z/o/s, lik(‘ that of Sjni/a.r, hut inferior instead of 
su])(‘rior. Tin' (*])igynouH condition rehitc'S tlu'sc' ])l:ints to Amaryllidacea*. 
♦SoiiiB authois consider they an? related to Aristolochiact?a? ; hut it is a 
distant affinity. 

Bistribution. — A rather large? group, ehiidiy tro}>ical ; Tamm comrmmk 
is Jhitish. 

Qualities and Uses. — The sap is often more? or less acrid ; but llu' 
tubers formed by ct‘rtaiu sp(*ci(‘s of ^'ains {J)iosro)ra aairntj aUifn^ and 
acideata) contain abundance' of starch ; so that midc'r cultivation, and aft<‘r 
cooking, wh(?ii the noxious jnincipk' is dissipated, tlu'y bijeome valunbk? 
articles of food. The tubers of other JHumrrece an; unlit for food ; and 
those of Tamn^ ce/u/?nmi,s,lUack Ibyony, hav(? a(?rid, purgative, and (?im;tic 

f iropcTties. Teafudmaria (d/pha^ifipt's, a Cape })lant, in cultivation in our 
lotanic gardens, produces a n'lnarkable tubercuis gjv)wth, r(*s('mbling a 
rugged stump of an old tre(', covert'd by a kind of false bark, which is tes- 
sellated with large (•t)mpound angular facets ; its int<?i niil substance is eaten 
by the Hottentots. 


OEOHIDACE.F. OitciiiDs. 

Coh. Oi'chidales, llouk, 

.Dia(pwsu, — Herbs, distinguished by fbeir irrt'gular flowers, 
0-nieroiis perianth insexiarate at the base from the ovary ; stamen 
(1, or very rarely 2) gynandrous, pollen cohering in waxy or mealy 
masses ; ovary inferior, placentas parietal. 


Chariicier, 

Perianth mostly petal oid, adherent, in two circles ; the outer circle 
of three pieces {sejpals)^ distinct or more or less coherent below, 

2 B 
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two lateral and one anterior (or posterior when the ovary is 
twisted) ; the inner circle of three pieces (petals), or rarely one, 
alternate with the sepals, two lateral, and one (the lahellum) pos- 
terior (or, by the twisting of the ovary, anterior) (figs. 458, 459, 
461, & 462), usually longer and larger than the others, variously 


Fig. 459. 



Fig. 4.*>8. Flower of Orehta, and 

Fig. Diagram of ditto ; a, a, a, aepals ; b, b, petals; b\ labellum ; b", spur. 
Fig. 460. Chivate policn-masa and caudiule of Orchis. 


formed, with or without appendages, soinetimes divided into 3 
regions by contractions, forming lujpocliillnm (at the base), meso-- 
vMlium, and ipicldlium ; free, or more or less adlierent to the 
coluwn, Stametis gynandrous, the filaments confluent with the 
style into a column (tig. 463), hearing mostly 1 perfect anther on 
the side turned away from the lahellum, with two lateral processes 
(abortive anthers), or, rarely, 2 perfect lateral anthsrs w'ith an 
abortive process next the odd sepal ( 67//>r//Wh/m) ; pollen pulve- 
rulent, or ill grains, more or less coherent, or in w^axy masses 
which are free or provided with a pedicel or caudicle (fig. 460), 
which adheres to a gland or glands at the apex or rostelhim of 
the stigma. Ocur// inferior, often twisted, 1 -celled, with 3 double 
parietal placentas bearing numerous anatropous ovules ; style 1, 
confluent with the filaments into the column, which is sur- 
mounted by a 3-merous, mucous, discoid stiyma facing the la- 
bellum, its lobes alternating with the lines of placentation ; the 
lateral lobes usually abortive, but sometimes forming divergent 
processes, the odd lobe more or less developed into a beak (ros- 
tellum) bearing 1 or 2 glands. Fruit mottly a capsule bursting 
by 3 valves, bearing the placentas in the middle, separating from 
the midribs of the carpels, which remain as an open framework ; 
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rarely a fleshy indehiscent pod; seeds very numerous and ex- 
tremely small, consisting of a cellular nucleus without distinct 
radicle or plumule, enclosed in a loose membranous or rarely 
crustaceous testa. 

The Order has been divided by Lindley, its ^eatest exponent, into 
several tribes, according to the number and position of the anthers, the 
number and nature of the pollen-masses, &c. 

1. Anther solitary. 

A. Pollen-masses waxy. 

a. No caudicle or separate stigmatic gland. . Tribe Malaxe-ie. 
h, A distinct caudicle, but no sc^^arate stigmatic 


gland Epidendrea?:. 

c. A distinct caudicle and stigmatic gland .... VANDEiE. 

B. Pollen jKmdery, granular, or sectile. 

a. Anther terminal, erect Ophbv'EJE. 

h. Anther terminal, ojiercular ArtETnusEiE. 

c. Anther dorsal Neotte^. 

2. Anthers two CYPBirEPiEiE. 


AfflTiitJos, &c. — In thei gr<\ater part of ihe genera the JVJonocotylodo- 
mms type is ch^partx^d from in s(‘\ oral ])arli(;u]n.rs, as : — in a more or 
less considerable irregularity of the jieria-nth, espc'c-ially in the condition of 
the Inhellum ; in the circumstanct^ that tlie. filaments art* confounded with 
the style into actmtral organ, pi’oloiiged from tin* inft‘ri»)r ovary, called the 
column^ and that gtmerally 2 (.mt of (> (at least antlnn's, are abortive?, 
while the pollen is frequently less d(‘velo]H'd than usual, the process of 
subdivision into distinct cells or granul<‘s being arrested, so lliat it remains 
in compound masses of various d(‘gr(‘es of magijitnde and of more or 
less firm and even waxy consistence. In some cas(\s, howevei’, as in 
Thelymitray the })erianth is almost regular, so as to resonihle that of 
some of the genera of Iridacem ; and in Cyjn'igedinm W(‘ find 2^aiithors 
develop(*d and the rest abortive. Among the otlier rcunarkahle peculiarities 
of the structim? arc? proec?sses of various kinds occurring U})Oji the? column 
and labellum, which then-e is reason to regard as indiciitions of abortions 
of staminal organs. These have given rise to the opinion that the ele- 
ments of 2 circles of stamens exist in this Ordcu’, of which 5 are usually 
suppressed, the perfect one belonging to an ext(?rnal circL? of while iii 
Oypripedium the 2 which are developed are members c^f the inner circle 
of 3, one of wliicih, with the entire outer circle, is abortive. The position 
of the organs may be thus shown : — In ^c? typical flower tlie arrangcj- 
ment would he S . • . P • . • A . • . " • ' ’ most Orchids the ar- 

rangement is I S , • . P • . • A -h O . * . , the dots representing those 
organs that are present and their relative position, the cir clets t hose organs 
that ar e su ppressed. In Oyjrripedium the formula is S . • . P • . • A 
-|- • o * ^ • These views are suuportt?d by numerous exceptional in- 

stances, in which some or all of the? ordinarily suppressed stamens are 
present, and by the anatomical construction, which reveals the existence 
of as many bundles of vascular ti.s.sue in the column and ovary as there 
are stamens and carpels. Thelasis has normally three stamens. The 
suppression of 2 out of 3 stamens connects this Order with Marantacese 
and Ziugiberacese, where the same phenomenon exists in a difterent modi- 

2 B 2 
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fication, as moBtioiu'd under those Ordo.rs; the Apostasiaeefle have 2 
stamens only, with their filaments adheriiif? to the low(ir part of the style, 
l^he ovary is apparently formed of 3 carpels, with the stigmas simjde. 
8inco they altr*riKite witli the placentas, Liiidley supposes the ovaiy to be 
formed of 6 car])els, 3 fertile and 3 barren ; but tins seems contrary to 
analogy and without sufiicient independent- su])port. In Apostasiaceic, 
Marantacetc, and Zingiberacofc th(i ovary is 3-c(dlt^d, or sometimes imper- 
fectly so in tlie last,, from thei margins not meeting in the centre. Spleni- 
pedinm has a 3-cellod ovary. The seeds, which are very minute, are of 
sim])le organization : the ovules, at the time of fertilization, consist solely 
of an embrvo-sae with 2 integuments; and tin* ripe sshmI pivseiits an embryo 
devoid of distinct (ugans (c.otyh‘doii and radiclt^), (‘iiclosed in a loose testa 
— ill this respect ('xliiljiting a relali.m.ship to Jhmnanniaceie. 

Fig. 4()1. 


Fig. 462. 


Fig. 461. Orchid flower, showing the parts of the perianth and column. 

Fig. 462. Flowt;r of J)rakea : the parts of the perianth are turned back to show the column 
and the lip, which is jointed in the middle, and endowed with hinge-like 
motion when irritated ; so that an insect alighting on it is entrapped, and in its 
struggles to escape removes thepollen-massses. 

The lalK‘llum sometimes exhibits irritability, moving spontaneously or 
when touched (Mepaclinium^ Bolhophyllumy IJrahea, &c.) (tig. 462): its 
forms arc mo.st varied and strange, often causing the entire flower to re- 
semble an insect or some other living objwt. The rostellum and stalk of the 
pollen-masses are also endowed with contractile jiroperties. In Caimettim 
these are so powerful as to cause the sudden forcible ejection of the pollen- 
masses from the anther-ceUs, when the rostellum or other sensitive oi’gan 
is touched, as by the jiroboscLs of an insect. Insects visiting the flowers 
of our common English Orchis, for the sake of the honey, come into contact 
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with the rostellum, and thus liberate the 
poUen-massea. These latter adhere lirmly to 
tlie insect’s back by means of a gland at the 
end of the stalk, so that the pollen-mass is 
conveyed to another flower. It must, how- 
ever, be remarked that if the pollen-mass 
retained the nearly vortical direction it had 
on its exit from the anther, it would, when 
introduced by the insect into another flower, 
strike against the anther, and not against 
the stigma. In order to place the pollen 
in such a position that it shall impinge on 
the stigma, tlu^ (;audicle or stalk of the 
pollen-mass contracts so as to give the pol- 
len-mass the req[uisite horizontal direction. 
This movement can readily be stnm by 
thrusting the point of a pencil into a tlow('r 
against the rostellum, when the ])ollen- 
masses will adhere to the pcmcil, and may 
be withdi*awn from the anther-(.*ase, and, 
if watched, will be si^tm to l)tmd dt)wn- 
wards, in the maniKU' just described, im- 
mediately after their removal from tlu^ 
anther (lig. 4(14 ). These mov(‘menls will 
be again alluded to in the physiological 
portion of this work. 


Fig. 463. 



Column of Vinnlla from the front and 
from the sidts the partu of th(< 
ptsrianth cut away: «, tlie anther; 
r, ttie rostellum; the 2 pointft to 
the stigma. 


Fig, 464. 



Two distinct forms of the perianth sometimes pn'sent theinsdves on 
the same flower-spike, so that the same species has received tw’O specific 
titles, and even three distinct generic names: — g., Munavlianthmj 
Myanfhus, and CaUmtum^ now all iuclud('d in the last named genus, 
and Cyciwches vcntricumm and Eyertimianum, now known to be forms of 
one and the same species. This was considerc^d a most anomalous circum- 
stance till it was shown by Darwin that the diflerent forms represented 
difterent sexes, the male flowers being different from the. female. 

The Orchidaceas are tt^rrestrial in hunporate climates, forming subter- 
raneous tubers or tuberously enlarged fibrous roots, from which the 
fiowering-stem shoots up afresh every season. In warm and moist climates 
they are very frequently epiphytic, hanging on the branches of trees, or 
even attaching themselves tf) rocks and other foreign objects. These kinds 
generally form some kind of stem-tuber, either from the lower interncdes 
of the axis which has just flowered, or of a new axis, sometimes from the 
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whole of the internodes of a long* jointed leafy axis, &c. The roots which 
hang down from them are soft and* delicate at the ap(*x ; and the epithelial 
cells exbihit spiral-librous thickening of a pecuhar kiiid. AngrcBcum fimale 
has neither true roots nor leaves. Neottia nidus avis has buds on the ex- 
tremity of the roots (Van Tieghem). Hpipogon Gmtdini and CoraUorhiza 
innafa are also rootless. The embryo is a mere cellular globule borne on 
a suspensor. 

Distribution. — Orchids are very numerous, and occur in almost all 
parts of the globe, ('xcept the very coldest or in veiy dry r(*gions. In tem- 
perate cliiiiates they occur chiiitly in shady woods, damp pastures, or open 
calcareous downs ,• but they are most abundant in damp situations in the 
tropics. 

Qualities and Uses. — The propt'.rti<*s of these plants are generally un- 
important. The subtt^rraiiejin tubers of some form nutritious food, from 
the presence of a gummy substance : that of a native species, Oi'chis mas^ 
culuy was fonnerly coU(‘cted and sold for the ])reparation of 8alep; and 
other kinds ai’e eaten in India. Some of thtj South- American yield a kind 
of vt^getable glue ; Aphctnim hyenudi^y the North- American Putty-root, is 
used for making a cement for china. The most important plants, perha])s, 
are Vanilla planifoUa ajid other speck^s, and a species of Sooraliaj the dried 
pulpy pods of which furnish the VaniUa used for lln-vouring chcxiolate and 
confectionary. A few others are described as having medicinal properties 
of various kinds. 

A POST A SI ACE ^ is a small Order of penmnial luTbs nearly related to 
Orchidacea3, Ixiaring a rc'gular perianth and 2 or d stamens which are con- 
fluent by their filaments with the lower part of the style (the anthers free), 
forming a kind of column, prolonged above into a filif(n*m process with a 
3-lobed stigma ; ovary 3-ceIled, with axile many-seeded ])lacenta8 ; seeds 
apparently as in Orchidacefo. — These plants diller from Orchids chiefly in 
the free condition of the upper part, of the style and the d-celled ovary ; 
but as the latter character is inconstant in some Monocotyledonous Ord(irs, 
probably this Order should be unit<*d with Orchidact?se ; they are near to 
Burmanniaceae also; but that Order has free stainons. Lindley regards 
tills Order as connecting Orchidacese wit li Amarvllidac'cfe through Ilypox- 
idacefB. They are nativvis of damp woods in trojiical India, and are with- 
out known properties. — Genera : Apostasiay BL, &c. 

BuR&iANNiACEAiJ are small annual herbs, often with minute and scale- 
like leaves, or those near the root grass-like ; the flowers perfect, with a 
0-cleft petaloid perianth, the tube of which adheres to the 1 -celled or 3- 
celled ovary ; stamens 3, distinct, introrse, and superposed to the inner seg- 
ments of the perianth, or 0 and extrorso ; stigmas 3 ; capsule many-soeded ; 
the seeds very minute, with a homogeneous nucleus in a loose membran- 
ous testa. — Natives of the tropics of America, Africa, and Asia. Some are 
probably parasitical. The affinities of these plants are rather obscure ; 
they apparently agn^e with Iridaceae in the cliaracter of the flowers, but 
differ in the position and number of the stamens ; while, by the seeds 
resembling those of Orchidacege, they form a ccmnecting link between 
these two Orders. They ere also related through Taccacese to Aristolo- 
chiaceae. They are said to be bitter and astringent, but are unimportant 
in these respects. — Genera : Bumiannia, L. ; Thismiaj Griff., &c. 
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ZINGIBEIlACEiE (the Ginger Order) consist of herbaceous 
perennials with a creeping rhizome; leaves broad, with a sheathing petiole, 
and numerous parallel veins diverging from a midrib ; flowers spiked or 
racemose, with spathaceous membran(.)us bracts; perianth adherent, 
irregular, in three circles each of three parts, one petal being larger in 
each of the two inner circles ; stamens 3, distinct, 2 abortive, and the 
fertile one posterior, opposite the labellum or large segment of the inner- 
most peiianthial whorl ; anther 2-(!ellod ; ovary 3-celled, or with the dis- 
sepiments imperfect ; seeds numerous, often arillate, with the embryo in a 
sac (viteUus) within the porisperm. — ^Illustrative Genera : ZingiheVy Gsertn.; 
Amomumj L. ; Hedychium, Koenig ; Alpi7iia, L. ; Costusy L. 


Fig. 465. 



Hedychium : A, B, loculicidal cax>8ule ; C, seed with arillua ; D, eection of sued. 

Affinities, &0. — This Order is nearly relah‘d to Marantacea?,, Orchidacea), 
and the allied Orders, but may always be distinguished by the only fertih^ 
stamen being situated next the axis (posterior), not next the bract (an- 
terior) as it is in Orchidaoere (before the ovary becomes twisted), or lateral 
as it is in Marantaceas ; the ovary is usually 3-celled, like that of Maran^ 
tacese, but the embryo is contained in a special sac or viteUus, which is 
not present in the seeds of either Marants or Orchids, 

Distribution. — A large Order, consisting mostly of tropical plants ; the 
peater part East-Indiah, but a few occurring in America, in Africa, and 
in Japan. 

Qualities and Uses. — Remarkable for the pleasant aromatic and stimu- 
lant qualities of the rhizomes and the seeds of many kinds; some are 
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astrinf^ont, many yield starch, and some colouring-matters. Ginger is the 
rhizome (jf /hujiher officinale. : preserved ginger is made from the younger 
parts of the rliizomes. Caidamom seeds are obtained from Amomum 
(lardmnommn (Round (hirdaiuoms), A. atufudifolium (Madagascar (hir- 
damoms), A. manmurn^ A. aromafmim^ Tflettaria major ((Jeylon), and E, 
Cardamomum (Malahar). Turnunh; consists of the yellow-coloured rhi- 
zomes of Curcuma lonf/a ; tli(‘ starchy r}lizom^^s of some East-Indian 
spe(*i(;s of Gi/rmw/w furnish Arrow-root. Galangale-root, which has pro- 
p(‘rties resemhling those of (iing(*r, consists of the rhizoni(‘S of Aljnma 
(idamja and raccnmmx Z(‘doary, of thos(‘ of Curcuma Zcdoaria and 
Zerumlct. Amomum Grnna Paradid the (trains of Paradise, used 

as stimulants, and also for giving pungcaicy to spirits and Ixier. Many (^f 
(h(^ species liave v(*rv Ix-aiitiful hl(»ssoms, and an; cidlivated in stoves on 
that account. Pin* bright ('olonring is found souK'times in the bracts, 
sometimes in the }»erianth, as in llcdijchium corunarium. 

M A 11 A NT AGILE. T ii e A iiiio w hoot (^ubeii. 

(\dt, Aniomales, licnth. ct Hook. 

Dioffnom. — ri(‘vbac(M)Us plants with creeping rhizomes, restnubling 
Zingiberacca; in ha bit, but with the })eriant li more iricgular, and I In; 
inner segments often aborlivc ; of the (> stamens 5 are petaluid, and 
1 hitiU'al fertili; i?-lobed, with a 1- (2 P)-eellt‘d antlun* on one of its 
lobes; ovary inb rior, l-.‘l-celled, with numerous ])eri8permic set'ds; 
embryo not enclosc'd in any special sac. — Illustrative Genera : Marantaf 
riiini. ; Caunuy L. 

Afn-nitieR, &c. ~Th<‘ alllnities of this Order, (^fti'U calh'd Oannaceac, are 
those of Zingibera-ceas from wdiich this Ordc'r is s(*parated by the place! of 
its fertile stamen (lateral) and l^y the absence of a vitelluA or special sac 


Fig. 4GG, 

XXX 



Diagrams of the flowers of Marantaceae (M), Zingiberaoeae (Z), and Orchidaerffl fO). The 
small open circles are fertile stamens ; the blacjk dots abortive stamens ; the blaek dots 
with the broad line scored through are petaloid stamens. The X indicates the position 
of the axis, the bract being exactly opposite. 

round the emb^o. If we assume the Orchidaceae, as mentioned under 
that Order, to have the rudiments of a double series of stamens, the rela- 
tions of Orchidaceae, Zingiberaccfe, and Marantaceae are very close, and 
yet their distinctions very clear (fig. 4GG). 
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Orc/ndacees, with a dt)ublo perianth and two circles of stamens, have 
the anterior stamen (belonging to the outer circle) developed, the rest 
abortive, or prow'nt in the form of horns, ridges, «lfec. (( ) ) ; or, in Vyim^ 
pediuntj tlaty have the two Uittiriil stamens of the inner circle developtsd, 
the anterior and all those of tlie oiitm* circle abortive. 

Zinffihn'acrcp, Avitli a double periantlj, have the* outer circle of stamims 
petaloid, forming a third peiiantliial circle, tlie odd (posteiiorj stamen of 
the inner circle (ievdoped, the 2 lateral ahoi’live (Z). 

Marantavifej with a double peiijiidli, liav(‘ th(‘ outer circle of stamens 
more or hsss developed in a petaloid foi in, as a tliird perianthial circle, and 
one lateral stamen of the inner circle fertile — the other lateral stamen, 
with the posttnior oiic', ))eing ahortivt? (M). l)r. Dickie has lately shown 
tliat the anther of Va7ina is in reality 2-c(*lled. 

Kichler gives a ditlcrent explanation <»f tlu; tlowers of these plants. 
According to him the ilower of ( 'anna consists of o ternary verticils alterna- 
ting one with aiiotlaT, the two (mter constituting the perianth, the two fol- 
lowing ones the andrteeiuin, and the. last th(‘. pistil. I'he- peikinlli and pistil 
are compkde, but the outer whorl of ih(^ andneciiim is completely sup- 
pressed, as is also one stamen of tlu^ innor wliorl. Of tlie two riunainiiig 
stamens of this inner whorl, one has half an anther only, the other is 
(entirely petalodie. Tliis s(‘(*ond whorl of tho aiidiaaiiim also fnrnislies 
aciressory appc'iidages of different shapes in various gen(‘ra. In Zingi- 
beracem the outer whorl of stamens is suppressj d, but t)ii‘ inner whorl is 
complete, thougli tlien^ is only one perfect stamen, and tliis has two anthcr- 
lobcs. In J\Jiisac(‘5e tla^ inner row of tlu) aiulim( inm is complete, and only 
one member of lli<‘ oiibn* one is dedicitmt. in ('//yrijn’dinnt tln‘r<5 is one 
member of tla^ outer row pixisent as a stauiinode and two of th(^ inner. 

In Xyridea>, Durmaimiacete and some Eriix aulons, the inner whorl is 
complete and perfec-t. Inlrids, Grasses, ami most Orchids llie iniun* whorl 
is vsuppr(^ss(jd. 

Distribution. — Tlie species arc? luiiiierous, and natives chiiitly of tropical 
America, Africa, ajid India. 

Qualities and Uses. — I'be abundance of pure starcdi furnished l)y tlu*. 
rhizomes of many speu-ies coiistil utes the prim ipal feature of the Maran- 
tacese cjonsidered from an cjconomical point of view. True Arrowroot is 
obtained from Marania arundinaacay Allouyuiy and nohiliii (West Indies), 
and M. ramosimma (East Indies). Toiis-les-iNlois is dcirivcul from species 
of Cannay probably C. coccincay ArJiiratiy cc/ah’s, (.'anna indiva is called 
“ Indian shot,” from its beautifully splunical seeds. Some of the species 
are cultivatc?d in our stcjves. Many of the specicjs of Calathca and Marania 
have beautifully coloim;d foliage. 

MUSAOEilil (Bananas) are large herbaceous plants with long sheath- 
ing petioles forming a spurious stem; leaves large, witii a strong midrib 
and parallel lateral veins ; flowers enclosed in a spatbe, hermaphrodite ; 
perianth more or loss irregular, adherc'iit, petaloid, in two 3-inerou8 rows; 
stamens 6, on the segments of the poriantli, some always abortive ; anthers 
2-celled ; ovary 8-celled, many-seeded, or rarely 8-seeded ; fruit a capsule 
or succulent and indehiscent ; embryo at the end of perisperm. — Illustrative 
Genera : Jleliconia, L. ; MnsUy Tournef. ; (Sirelitzia, Banks ; Ravenalay 
Adans. 
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AlfinltleB, & 0 . — With certain well-marked diffyrences, these plants ap- 
proach in some degree to the Marantacese and Ziugiberacese in habit, espe- 
cially in the character of the foliage, but the Musaceae have 5 or 6 more or 
less perfect stamens and no staminodes ; from the Amaryllidacefe, which 
they resemble in the epig)Tious hexandrous structure, they differ in the 
irregular flowers, the general habit, and the character of the bracts or 
spathes. 

Distribution. — A small Order, the species of which are generally dif- 
fust^d, wild or in culture, in the plains of the tropics and subtropical 
regions of the globe. 

Qualities and Uses. — Thciso plants are most valuable as sources of food and 
fibrous matoritils. Mma paradisiaoa, thi‘ Plantain, and Musa sapientunij 
the Jianana, are plants bearing gigantic, leaves on long petioles, the iiu- 
bricatod sJjeatbs of wliitdi foi’in a ps<.‘udo-stt!iii many feet high, lliey 
produce largo clusters of pulpy fruit containing much sugar and starch, 
whicli form a very im}>ortaiit article of food in the tropics. Several other 
spticii^s of Musa yitdd similar fruits. The leaves are used for thatching 
huts, or split up for plaited work of all kinds. The tihre of the petioles 
is a valuablti materiiil, especially that of Musa te.vtilisj whit'h is known as 
Manilla Hemp. Tlie young shoots are also eattjn boiled. Itavenala 
speciosa has an edible seed ; a quantity of watery juice exude^s from its 
p(',iioles when cut, whence it has been called Arhre du vmjageur. Stir-- 
Ufzia is a genus with very handsome flowers, several species of which, as 
also of Mustty are often cidtivated in stoves. 

AMAKYLL11)ACE/E. A mauyllids. 

Coh. Narcissales, Hook, 

Diagnosis. — Chiefly bulbous and scape-bearing herbs, not scurfy or 
W'oolly, with linear Hat root-leaves, and perfect, regular (or nearly so), 
O-androiis flowers ; peiiantb petaloid, ()-parti'd, its tube inseparale from 
tlie 3-celled ovary ; the segments of tlui limb imlu’icated or valvate in 
mstivation ; anthers iiitrorse ; fruit a 3-valved, loculieidal capsule or a 
1 o-seeded berry ; seeds with fleshy or horny peris])erm ; radicle turned 
to the hilum. — Illustrative Genera : Tribe 1. Amahvixeas. Bulbous 
plants, without a coronet. GalauthuSj li. ; Aniargllis, L. — Tribe 2. 
Kaucisseje. Bulbous plants, with a ctu*onet in the perianth. Pait- 
vraiiumy L. j Narcisms, L. — Tribe 3. ALSTncEMEiUKiE. ribrous-rooted ; 
no coronet. AJstrwmenu,, L. — Tribe 4. Agavkx. Fibrous-rooted ; sepals 
RTul petals alike, valvate in mstivation ; no coronet. Ayavey L. ,* Fouirroya, 
Vent. 

Affinities, &0. — Tlie floral formula may be represented as follows : — 

I P3lf 8 A '*^+3 O 3. This epigynous Order contrasts with the bypo- 
gynous ; among its epigynous allies, Iridaeea> are distinguished 

by their 3 stamens and extrorse anthers : its neartjst allies are H«emodo- 
rac^ese and llypoxidaceai, the characters of which are given elsewhere. 
The coronet of the Narcisse^ is sometimes regarded as a circle of abortive 
stamens, but is more probably an outgrowth from the tube of the 
peiiaath. 
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Distrll^tioti. — A large Order, the species of which are generally dihiused, 
but which, like Iridacete, have their maximum at the Cape of Good Hope. 
The Narcissece are commou in Europe, while the genera unprovided with a 
coronet are very rare in Europe and North America, but abound in South 
Africa. 

Qualities and Uses. — ''J'he Amnryllidaceoe are commonly characterized 
by active proportiert, the Amaryllece Hiid the Narcimtce especially being 
emetic and purgative, and even poisonous; the juice of tlie bulb of 
Hcemanthus to.vicanus is used by the Hottentots to poison arrows. 
The Snowdrop {Galant/ius nivalis) j Suowliake {Leuctyuai ve^'num)^ the 
Halibdil {^Narcissus Pseudo- Narcissus) y with the other cultivated Narcissiy 
Paiuiratium maAtimumy &c., act as ejiietics. Others are astringent ; but 
starch is waslied from the roots of some spticies of Alsiramin'ia. The 
Agaves are exceedingly valuable plants, liaving nbundaut innocuous sac- 
charine sa}), and large leaves containing excellent hbro. Agave americanay 
called by mistake tlie American Aloe, is the Hundred-years plant; but 
the statemerit that it lives 100 yi^ars before flowering is fabulous : it is 
a native of America, but is naturalized in some parts of IS. Europe, and is 
planted, on account of its large s])iny leaves, to form fenc(\s. From this 
and other species is obtained Piui thread, a \(iluable libre; Ihilqiie (a 
fermented liquor) and a bramly distilled from this are made by cutting 
the buds out of yi^«rc-plants and collecting the sap, which exudcjs in great 
abundance when this operation is performed just bef(n*e the dowering 
stem is pushed out; these plants are also called Msguey-plauts. This 
Order allords a numlDer of beautiful dowers, more ]»eniiantmt than Irida- 
ceaj, and often attaining a very largi5 size. Must of thmii are annual 
fiowerers ; but the having inmiarkable folinge, like that of the 

Aloes in Idliaceie, produce flowtning slcuns (sojJu*-tiinti,s many feet in 
height) after vegetating for a number of vf^ars, wlience the story of tlie 
Hundred-years Aloe. Slernbergiu lulea is supposed to be the Lily of the 
fields referred to by Cbrist. 

IlYPOXiDACEiE are a small Older of epigynous Monocotyledons, nearly 
related to Araaryllidaceie, but dilfering in tbeir babil, having hairy 
foliage and no bulbs, and in tlieir usually stropliiuhite seeds liaving the 
radicle distant from the hiluni. The G stamens, the imbricated, distinctly 
petaloid perianth, and the habit of the foliage separate them from 
Iridaceae. — They occur scattered in the warmer parts of the globe, and 
are apparently more or less hitter and aromath*. The tubers of some are 
eaten. — Genera : Curculigoy Gajrtn. ; lorhesiay Eckl. ; Ilypoxisy L. ; 
Sauridiuy Harv. 

IliEMODORACKJK are herbs with lihrous roots, usually equitant leaves, 
and perfect 3-6-androus regular fioweis, which are woolly or scurfy 
outside ; the tube of the G-parted perianth adherent to the whole surface, 
or merely to the lower part of the 3-celled ovary ; anthers introrse ; sta- 
mens superposed to the petals when 3 ; seeds with cartilaginous perisperm ; 
radicle remote from the hiluin. — The structure of the genera included in 
this Order is rather irregular : from Amaryllidacees they are usually 
distinguished by the woolly tubular perianth, the equitant leaves, and, in 
some cases, by the 8 stamens ; but none of these characters are without 
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e3Efi58j>Hoii ; from Iridftcej© the triandrous ^nera differ in the stamens being 
intirerSe and snperposed to the petals, which last character also separates 
them from Hypoxidacese. The radicle is said to be remote from the 
hilum, as in Hypoxids ; while it is next it in Amaryllids and Irids. The 
Vellodai and Barhacenim are more or less arborescent, and in some degree 
branched, especially the former, which have a very remarkable aspect ; 
in many respects they approach Broineliads. — The plants are natives of 
America, the Cape, and Australia, and have sometimes bitter and astrin- 
gent properties, as Aletris fannosa. The roots often contain a red matter 
available as a dye, whence the name of Blood-roots ; LaahnantJm tinctoria 
is used in America for dyeing. The roots of several species of Hcemodomm 
are eaten, roasted, by the natives of Australia. — Genera : 

Sm. ; Alefris^ L. ; Vvlhzia^ Mart. ; Barhacenia^ Vaiidelli. 


IlllDACE^^l. The Flag Obder. 

Cull, Narcissales, Benth. et Hook, 

IJiai/nosIs . — Herbs with bulbs, corms, or rhizomes, equitaut, 
2-rank('d leaves, and perfect, regular or irregular flowers ; the seg- 
ments of the f)-parted potaloid pcirianlli (fig. 4f)7) cojivolute in 


Fig. 4(17. 


Fig. 468. 



Pig. 4S7. Vertical aection of the flower of IrUi ; a, inferior ovarr. 
Fig. 40S. Stigmas of Crocus, 

Fig. 409. Looulieidal capsule of Jri# burst. 

Fig. 470. Plan of ditto. 

Fig. 471. Section of seed of Jrw. 


the bud in 2 circles ; the tube iuseparate from the 3-celled ovary ; 
stamens 3, superposed to the outer segments of the perianth, di- 
stinct or monadelphous ; anthers extrorse ; style 1 ; stigmas 3 
(fig. 468), often petaloid (Iris) ; capsule 3-valved, loculicidal (figs. 
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409 & 470) ; seeds with boray or bard fleshy perisperm (fig. 471), 
— Illustrative Genera : Iris, L. ; Tigridia^ Juss. ; Gladiolm, 
Tournef. ; Ixia^ L. ; Croms^ Tournef. 

Aflanities, &c. — The tribes of this Order (IxiEiE, Iribeas, and Geabto- 
leje) are distinguished by the regular or irregular penanth, the free or in- 
separate stamens, the filaments equal or unequal in length, the form of the 
stigma, &c. The floral formula is | A 3 (:t Among the epigy- 

noua petaloid Monor*otyledons, the IridacefB approach, by genera lii<e 
OrocuSy the Ainaiyllidaeeie, which, however, have 0 introrae stamens. 
The same character separates the epig^mous Bromoliacero, wliich have 
some affinity with this family; one plant of this Order ^ JElmt Uterine 
anomala^ has, however, been described as having six stamens, probably as 
an accidental occurrenre. Orcliidaccije differ in the gynandrous structure; 
Marantaceae and Zingiberacefc in their monandroiis state, as also in the 
character of their foliage. The little Order Burmanniae(‘;e resembles 
Iridacea^. in many particulars, but diflers in some essential points men- 
tioned under that order; and this is the case also with Xyridacejc. 
Gladiolus has slighth'^ irregular flowers ; Crocus has quilts a regular 
perianth ; Iris has also regular flowers, tlie seeming irj’(‘gii]ari ty being 
dependent on the reflexed petals and the largo petaloid styles whicli 
conceal the stamens. 

Dietribution. — A large Oi-der, diflust'd Ihroiighoiit temperate and wai'in 
climates, but especially abundant at tlu.' (/a])e <►£ Good lJo])e. 

Qtialities and tTscs. — TI k^ sap of many of plants is more or less 

acrid, purgative, or era(‘ti(t, as that of the Flags {Iris) genei*nlly, Ferraria, 
Sisi/rinchiujn, <fe(% SuflVon consists of ibi^ stigniiis of SaflVon (b’oeus 
(C. sativus) and of C. odortis {^v-Wy). Orvis-ronj. used in ]K‘ifiiinerv,is the 
rhizome of Iris Jlorndiua, Tie* genera of this Oi-dev (‘(Miti'ibute'a large 
share to our collections of gaidm-bulbs, as will be recogiiiz >d from the 
plants already naiiK'd ; they are more ivniarliabh* for their heautiful but 
transient fiow(‘rH tlian lor any us(‘ful (luality; the conns and rliizoin(*s of 
some ar(‘ said !<► b»‘ eati'ii, on aecount of tiu; slarcli they eontain, by flic 
Hottentots and other ract'S. 


BEOAIELIAGE.F. Tins Order. 

Co/i. Amoinales, lI»ol;. 

Diagnosis. — Herbs (or scarcely woody ]dai)ts), jiearly all troiaca), tln^ 
greater part (qdphHes, with persistent dry or fleshy and clninnelled 
crowded leaves, sheathing at the bast‘s, usually covt*re(l or banded witli 
scurfy scales; perianth free or adherent, in two circl(*s, the outer (sepals) 
often coherent, and diffiu'ently coloured from the inner (petals), wJjich 
are distinct and imbricated; stamens (>; ortirv 3-celled, with numerous 
ovules on axile plactmtas; stylo single; stigma ;>-l(»bed or entire, often 
twisted; seeds numerous, with a minute embryo in the baw of m(*aly 
perisprm; the radicle next the hilnm. — Illustrative Gencira: AnanassUf 
Lindl. ; Bromelia^ L. ; JEchnieaj R. & P. ; liillhrrgia, Thunb. ; IHtcairniaf 
II<5iit. ; TUlandsiay L. 
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AfBnlties, &e. — Among the Broraeliacese are found both epigynoiis and 
hypogynous genera, as well as forms with a partially adherent perianth ; 
on the whole, the tendency is to the former condition, whence the Order 
miLst bo regardf^d as an ally of AmaryUidace.a}, from which it differs in 
habit and in the mealy peiisperm ; from Iridacem it differs in these parti- 
culars and in the 6-androns stamens, whUo the style and stigma are 
somewhat similar. The chara(‘t(}r of the habit, and the often distinctly 
characterized calyx and corolla, off^r a resemblance to IIydrocharidacea3, 
which, however, bav(i aperispermic seeds. Thf> fruit varies much in this 
Order, being commonly capsular ; but in Ananai^sa the entire spike of 
inflorescence, togtdher with the stem, becomes blended into a succulent 
sorosis, forming the fruit of the W(*ll-known Piiu^-apple. The scurfy epi- 
dt*rrais of the kiaves displays a very interesting microscopic structure. 

Distribution. — A consicl(‘raT)le group, the meirih^Ts of which are, for the 
most part, natives of tropical Anuuica; but some are now naturalized in 
W('st Afric^a and the I'kist lndi(vs. 

Qualities end tTsos. — Cliieflj^ iinpcnd-aTit for the fruit of Ananasm, fibres, 
colouring-matters, and other (*conomic products. Bromelia Pingtiin is 
us(^d as a vermifuge in tin* West Indies. Many of these plants grow 
upon the branclu's of trf'css ((‘pinhytic), and tlu*v appcvar to he capable of 
obtaining the greater part of tneir nourishment from the atmosphere ; 
their rigid, tough epidermis enables their succnk'iit leaves to withstand 
the influen(?e of a hot and dry atmosphere. Tillandaia umeoides^ called 
Old-Man’s ]loard, is a common plant., forming a diuiso mass of dark-co- 
loured fibres, which hang down from the bonglis of the trees of thf? forests 
of tropictal Annuica, as Lichens do in colder climates. Most of the 
genera have brilliantly colourc'd flciwers, sonadimes in tall racemes and 
panicles, wlumce tlu*y are much c^steemed as onianamtal stove-plants. 

IIYDBOCnAKIDACE.d^ are aquatic lierhs, with diclinous or polyga- 
mous I't'gular flowers issuing from a spatlie on the end of scape-like pe- 
duncles ; floral mivehqies in a single <n’ double (‘ircle, in the ft'rtile flowers 
unit('d into a tube and ius»*parate from tli(‘ l-0-e(‘lled ovar}^; placenta 
parietal; seeds without perisperm. — Illustrative Genera: Udora, Nutt.; 
Valliwena, Mich. ; Stratiotcsj L. ; IL/driwhid'is, L. 

Affinities, &c. — The sum or combination of the characters of this interest- 
ing Ordtir keeps it apart from all other JMonoeot vlodons, while the characters 
taKen s(‘parah:‘ly connect it with many. The inferior ovary and, in the case 
of S/ratiotes, the habit coniu^ct them with Bromeliact*fe ; the 3-morous 
petaloid flower and aperispermic s(H'ds with Alisniacem; the 3-merous 

E etaloid flower and 3-carpellary ovary with the Oommelynaceae, which, 
owever, with a superior ovary, like the Alismacese, have perispermic 
sc^eds. The inferior ovary, numerous seeds, and general characters remove 
them from Naiadaceae, with which theyaiv often associated by habit, and 
tlie Araceae, with which some would connect them ; thtur spa the is scarcely 
more Araceous than that of AmaryUidacefe. Vallimeria and Ehdea 
{Armcharw) are plants well known to microscopists for the favourable 
opportunities they offer of examining the rotation of tlie protoplasm of 
the cells. ^ Hydrochari^y a plant somewhat like a miniature Water-lily, is 
common in fresh-water ditches ; and its sepals and rootlets are equally 
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adapted for the microscopic in's^stii^tion of living tissues. Elodea cana-^ 
demu is the American Water-weed, which has increased so rapidly in our 
canals and ditches since its introduction from America some years* since. 

Distribution. — The species are not numerous ; they are found in fresh 
water in Europe, N. America, E. Indies, and New ifolland. 

'< »'nd Uses*— They appear to have no very active properties. 
llydrocharis is said to be astringent. 


Series 2. CouONAEiEiE. 

Flower-tube free from the ovary. 

A. Stecaept^. 

Carpels united ; seed usually peri sperm ic. 

PIIILESTACEyE are climbing or erect shrubs with coriac(‘ous, netted- 
ribbed leaves and large and shouw perfect howers with a (i-inerous ptni- 
anth in two circles, equal, or th(^ calyx much shorU'r; stanieus (», adluu’ent 
to the perianth at the base; ovary l-K'ellcd, with 3 pariidal placentas; 
ovules semianatropous (not ortliotropous, as is comraonJy staff'd). — These 
plants, consisting of Lapaywia rrm-a^ a climbing sliriih with bt'autiful 
crimson flowt'rs and basifix«'d antlu'rs, and l^hih'nia hvxifolia^ thi' flowers 
of which clifTer chh'tly in the marked diderence of calycine jind corolJinf» 
circk'S and the mode c»f union of the bases of tlui filailu'nts and versatile 
anthers, differ from Liliaceie chiefly in th<5 parii'tnl position of the pla- 
centas; in habit Lapa(feria\^ relatc'd to Smda.v, and is in some inc'asnrt* 
intermediate between 8inilac(‘{e and Lilitieeje. Tlu'y are Chilian plants, 
now in cultivation with us. Lapayeria bears sweet <‘dible berries. 

ROXBUIlOIIIACEri^ consist of 4 species of Eoxlmryhia^ twining 
shrubs with hrojid leathery leaves and tuberous roots, from the hotbjr 
parts of the East Indies. Their habit coniu’cts tla'ra with Smilarem ; but 
their perianth is composed of 4 petaloid pieces, and the y have 4 stamems 
with enlarged connectives (each set of organs, according to Crilfith, in 2 
dimerous circles), and the l-ccUed ovary (formed of 1 carpel, according to 
Griffith) has numerous anatropous ovules arising, from the base of the 
cavity ; the sessile stigma is penicillate. The fruit is 2-valved, with 2 
clusters of seeds attached on long cords; embryo in the axis of fleshy 
perisperm. Tlie affinities of these plants are not clear; but the rescim- 
blance is perhaps greater to Paris than to any otlier genus that can 
be named. 

SMILACEwE (the Sabsapaeilla Obdeb) consists of herbs or climb- 
ing shrubby plants with stalked netted-veined leaves, regular perfect or 
dioecious flowers, with the 6~10-parted perianth of the fertile flowers free 
from the 3-5- (rarely 1-2-) celled ovary; stamens 0-10,intror8e; anthers 
adnate, harifixed ; styles or sessilo stigmas £us many as the cells of the 
ovary, and distinct ; truit baccate, with few or several seeds ; ovules ortho- 
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tropons; eirihryo minotf', in hard fleshy psrisperm. — Illustrative (ronera : 
tSmilarj L.; Parif^, L. ; Trilliumj Mill. ; Medeola^ Groriov. 

Affinities, &o. — Th<‘ plants are not separated hy any f)‘t)od eharacters from 
the Aspniageous trihf" of the Liliaeefe on the one hand, whiles th(‘y ))ass 
into l)i(>se<u’(nu*(^(n on the other, from which they difFir chiefly in havings a 
snp'Tior ovary. represents Saiilacem prop n-; P«m*, Tn}lium,k,i\ 

have the c-alyx unlike, the corolla, and are sometimes made a separate 
Older, (‘ailed Trilliae(?a'i. 

DistHbution. — A considerahl- Order in point of numbers. Tcunperate 
parts of Europe, Asia, and America. Many species of Smilad. in tropical 
America and Asia. 

Qualities end Uses. — Sntiht.r has diundic and diM)iule{‘n1 prop'^ulies, for 
which th(^ ertHp^inf? rhizomes (jf many sp(M'i(‘S fir(‘ ust>d, under the liana' of 
Sarxaparllla, as Sm. mrdioa (AVra Oruz), Pm'humpmj flA'i'ii), A. Kifphi- 
litwu (Hrazilian), A. opi'dnalit (.luinaica), A. (flpri/phi/lla (Australia); 
tStni/a.r axpera and c.vccha, nn1iv(\s of S. Jhiropt', hav<‘ similar properties. 
Smihuv china has a th'shy root, said to poss(‘ss similar properties. A. 
7Vw//(>-0//hn? is hir^(‘ly used in domestic, imalicine in the United Slates. 
Paris, 7ViV/vVcw, and M('deofa are morcMillied t() tla* active liliac(^je in tlaur 
])Voperti<‘S. Paris (fuadrifoiia, a curious land) jrrowin«r in {proves in this 
country, is said to he a narcotic and poison; Mrdada nVv/mhv/ is emetic 
and dim'etic. d1a* spianes of TrilUum ar(^ viol nit (nnetics. Pascas has 
curiously llathnu'd hraiiches, from the surface of which the flowers proceed. 


7J.LIACE.E. Lilies. 

Coh. Liliah‘s, Benfh. H, Jlooh. 

Diatfiiosls . — 1 l(^rbs u ith parallcd-veinod, sc'ssih' or slu'aihino* leases, 
r(^{j:ular perfect (i- (nmdy 4-)androuH flowers, with the ]ietaloid (>- 
iiuu'uus ])(‘rianth fn^e from the 2-3-e(dle(l ovary : anthers introrse, 
attacluid by a point ; style single ; jierisperm fleshy. 

C/taraefi r. 

l^eridiith free, of (> pieces in 2 (‘indes (fig. 472% distinct or utiifed, 
mostly of similar colour, and regular. fStanirihs fj, 
introrse, s])ringin.g from the s(‘ginents of the ])e- 
riant h. Ovanj fr(H% ^d-eelled; Mjlh numerous 
analropous or ain])hit,ropoas ovult's on axile pla- 
eontas ; styles sim})le : stigma 3-IoIhh 1 or un- 
divided, sometimes sessile. Fmit dry and 
capsular, loculicidally valvate, or succuk'ut aud 
indehiscent; seeds with the embryo mostly in 
the axis of fleshy perisperm. 

IlTATSTB ATI VE G l^NKTl A . 

Tnbe 1. Ltlifje. Antlers introrse : styles nnited ; fndf capsular, 
cidaL Tulipa, L . ; Lilium, L . ; Hyacintiius, L , ; 1S( ilia, Z. 



Flower of Seilta. 
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Tiibi^ 2. C«>L('HiOEiE. Anth&rs extrorse; ntyJ^s ^eparale ; fruit eapsu'at'^ 
sepficidal, Meljinlliiuiu, X. ; CoHiii-um, X. ; V<‘ratriim, X. 

Tribe ii. Asi*aha(u-:.^«]. Fruit haceatr. Ihut aiiiii, /7w<y. ; ( -ouvallaria, X. ; 
Aspidistm, 7i*. X/*. ; AsparagriiM, AVr; Uii'^eus, Tonrnaf. 

Affinities, &c. — floral formula is P 34-3 A 34-3 (_1 3. TJio position 
of the jiiirts may be thus r(‘prest‘iite(l : — l*'/4-*’-A '.• 47 -’*^l ’•% 
typical Aloriocotyi(‘(lonous aiTaiig^emeiit , but siibje(*t to vjirialion according: 
to the position of th«' bractt^oh^s and otli u- circnmstanct's. 

Idle <^uvat Order of Liliacejo has, by Mr. Jhiker, been divided into thr(*e 
tribes as above. Smilaceai closely ri'amiiblci the Asjiarageie, but all 
LiliactN'e have aiiatropons oA ules, and otlun* jnarks of distinction are cited 
imdi r that ()j’d< r. As aberrant forms of Liliacejn may b‘ mentioned 
Liriopejo or ( Ipliiopoo-oias-c, ("onantlnn’cje, comiectine- Liliacem })ro}) n- and 
AmaryllidaceaB, Oiilh'siefc (.se(' p. 38S), Stemoiii'ie or llo\bnr^iiiace;e (see 
p. 383), and S(‘o]iop(‘}e. Lookin'*’ only a.t lh(‘ more familiar forms of the 
J iiliaciijc, the cliaracters of the dowers a.re very ilefinite, althoiif^ii the Iiabit 
of tile plants broui^iit b»^eth(‘r in this Oixh'r vari(*s e.xtreiiK'ly ; but there 
exist certain genera of p taloid Monocotyledons, whos(‘ relations appear 
closest to LiliiiciN’O, which form links of chains leading oil* in \<.*ry vari(?d 
direi'tious, througli tin*. Orders of this Subclass. Tulipa and t.lie allii^d 
gent'ra, with usually distinct lobes to tla; perianth ' and v(M*satile anth(*rs, 
are bulbous hciibs ; Fuuhia, //c/ncrocrtZ/M, and oth(*i“ geiiei’a liav(‘ a more 
or less tubular piniunth, and ofttm tuberous roots instead of bulbs; Alor 
has thi(*k succulent leav(‘s on a p ‘rennial stem; Yucca has a l*alni- 
like stem and rigid haiNcs. ScHhi^ AlUuut^ and theij* allii‘s a,r<; lailhous 
herbs, dilFering chiefly from the group to which 'ralipu lielong-! in tln^ 
firmly fixed anthers, and a m ‘inbraiions s])at.lie (mclosing tin* inflorescence 
when young. Anthcru uui and others )vs(‘mbl<‘ the last, but iiave- tuherons 
or fibi'ous ro ds; AjtJti/Uuufftcs is a ])lant with tln^ habit of .lnncac(‘fn and 
the flower of Liliacea' ; Xautluu'rJura^w, genus b douging to the samt‘ group, 
forms a ■woody trunk like Yucm^ or a small Lalm. yUparai/m and its 
alli''s, including (■n)ival!aria, Suii/acina^ lOfsoici, vNcc., togetlau* wdlh the 
arborescent 7>r«'Ycnrc and ( ^>rd(/liucs, nvc Liliacea) with succulent fruits, 
arid scarc.elv'^separ.-ible from Smilacea*. (fonanfh^ra iu\<\ i\s alli 's, w'itli the 
general structure of Liliac(‘;e, have th * perianth more or less adher mt, 
thus approaching Amaryllid'i-ccfc. Tf^^uctu'udfu^ia^ Lap/udia, and othiu’s 
have the free? ovary of IdliacMuc, but triandrous Howers and the foliage of 
Ila*modorac(*a3. Aspididra bears some resemblance in its foliages to 
Zingiboraccfc, while the charaett^r of the flowers approardu's that of the 
c()mpletf 3 Aracean Ophiopopon and Pcliosard/u-'s are lik iwise doubtfully 
placed here; but tludr strutduve is not satisfactorily mad ; out. 

We siu;, th( 5 r(d‘ore, tliat the liliacea; have widely s})reading redations, 
although the typical forms are at on -e distinguishable, ddie supfudor 
ovary separates them froju AmarvUidficeiJB. Tlieir very near connexion 
with Smilact^a? is noticed above; they have a more distant affinity to tin* 
Ihilms and to the Jimcac^^m in the general structure of the fh»\vers, differ- 
ing from both in habit, fruits, and seeds. ( lillicsiacem and Pontederacea^ 
are scarcely more than ab errant Ijiliacem •v\dth irregular flowers. 

The structure of the arborescent st.< 3 ms of Dracmna^ Cordylinc^ Xan- 
thorrheea. Yucca, kc. has attracted considerable attention, since, contrary 
to the usual habit of Monocotyledons, their trunks som .dimes increase 

2 c 
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more or lees in thickness with age. However, the central axis corresponds 
essentially to that of the Palms ; only a peculiar rind or false bark exists, 
capable of increase by layers, somewhat in the same way as the liber of 
Dicotyledons. 

0i8tribution. — A largo Order, the members of which are very variously 
and widely distributed ; tlu^ bulbous kinds coiiimon in temperate climates, 
tlie fibrous-rooted with them and in warmer localities : the succulent- 
leaved Aloes chieiiy 8.-African ; the arbon^scont forms mostly subtropical. 

Qualities and Uses. — ^IVIauy of the Liliacere have aclive properties, and 
the juictvs, the fibre's, or the fruits adbrd products of value in the arts. 
The juice of th(‘. sacculent-leav«‘d Ahus dries into a kind of r('sin, medi- 
cinsl Alo(‘s, one of the most vfiluable of ])urgalives; the speci(!s fj’om 
■wduch it is usuoUy ol)tained are Aloe Kpicafa, rnlf/aris, socofrioa, ifcc. ^J’lit' 
bull) of Urffi'fwa innrilima is tlu' JVh-dicinal Squill, valuable as an expec- 
torant and (liiu('tic, ])ut emetic and ])iirgative in lai (^»-e doses. Tancrntimn 
(often eulti\ated for ils llow(‘rs) has similar proi)erti('s. Tlie leaves and 
roots of Krpfhroiiimti ( J)ogV-too1 li), of tlie Tlyacintlis {Ilyorhifhiis orien- 
JiiHifcmtcus, ntitana)^ and tlie gmiera. Muscan\ Ormthoyalmn^ 

(•ngett, all Inive eundic qualities; the tuberous fibrous roots of Asparagus 
and of the I./ily of the* Valley ( Conval/aria laujalis) art' said to bi^ purgative : 
lliost' of Solomon’s St'al ( (Uturallaria VoJggonat ieui) art' aeiitl. The bulbs 
of th(' (h'own-imperial {Fritilluria Imjx rialis) and othi'r spt'cies, and of 6r/<'>- 
7’iosa superha, are said to be vt'ry poisontnis. Tlit' bulbs of tbt^ gtuius Allium 
hav(^ mildt'i* nropertit's, and at tlu‘ saint' time posst'ss a puugent quality, on 
aceount of wliich tlit'v are t'xtensivt'ly grtiwn for food, the large and milder 
cultivated kinds being t'sculi'iit vegetables; flit', smalltn’ and more pungent 
are valued for impart ing flavour. AlUum Vepa is the ( )nion ; A. ihrmu, the 
L('('k ; -/I. (larlie ; A. ^e1ueuoprasum,W\v (Ibive ; A. aseaUvuieuyn^ 
iht' Shallot; A. Seorodoprasuui, tht' Pticninholt' : Spauisli Onions,” otuning 
from Spain, i*ortngaI, and J<)gy])1, are mild varieties of the eomiuon Onion, 
tlu*! bulb grovt iiig to a larger siz(',a,nd hu'ming It'ss of tin' ])ungent st*eretion, 
Tim bulbs of JMiuui pouipouunu conslilalt' aii important arliele of food in 
Kainiseliatka ; tlu' lubt'rs of (\nnassia f'seulmta art' eaten by ibt' Nortb- 
Amt'i’icau frulians. Tiit' woody roots t)f Dracaua terminalis (Cordglrue Ti) 
art' (‘ateii, roastt'd,b\ tht' Suiidwiel -lslanders ; sugar arnl fermt'uted liquor 
are likewise pr('])ared from its juict^ ; its leaves funiisb foddt'r for cattle, as 
do tbost* of tht' Orass-tn'e {\nuthorrha^a^ in Australia ; the bast'S of tbit 
young leaves and tin? lieart of tlie buds of the latter are somtttimes used as 
esculent vegt'tables. The tablt' Asjiaragus consists of the v('ry young 
annual shoots {furiimes) of Aspai'agus (>//ierua/is, reiidt'red suciailent bv 
cultivation. Astringent rt'sins are obtuint'd from somt' kinds: Draceeria 
Draco, tlu^ Dragon-ti’Ot* of Teneriftt', yit'lds tin* tint' Dragon’s Blood, for- 
mt'iiy much used in medicine, but now seldom met xvitb, the resin of 
J*tcrocarp?(s (Legumiuosae) being substituted. Xai^horrhaui arhoi'ea yields 
Botany-Bay (lum,wbieh is yellow, pungtmt, and smells like Jkmzoin when 
burnt. Phorniiimi tena.r is the Ntnv-Zt'iiland Flax plant ; the fibre of the 
leayes is very tenacious, as is that of yarious s^X'cics of Sansenera, known 
as Afrit'an Ilemp and Bowstring Hemp in Africa and the East Indies. 
Active prop'rties and uses are attributed to many other less-known 8pf?cies. 

A great numbt*r of Liliaci'a*, hardy and tender, ornament our gardens 
and stoves, as will be recognized from the list given above. PoUantlies 
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Merom is the Tuberose, celebrated for its fragrance. The Butcher’s 
Broom {liuscus aculeatus) is remarkable for its toliaceous peduncles and 
really almost leafless stems ; and the fully developed flowering-stem of 
Asparagus has only needle-shawd branches simidating leaves. 

More or less poisonous qualities pervade the Colchicum tribe (Melan- 
thacefB of some authors), with acrid, purgative, emetic, and sometimes 
narcotic action ; several of the more active species yield valuable medi- 
cines. Of Cokhicum aufAimuale^ called Meadow Saffron or Autumn Cro- 
cus, botli the conns and seeds are very active? ,• Vrratrum album, Whit<? 
TTellebore, V. nigrum^ V. Sahadilla, V. viride (N. Ani(?rica), Asagrmi 
officmalis (Sabaxlilla or Cevadilla of Mexico), all slian^ the acrid narcotic. 
qualiti(\s, poisonous or mi?dicinal, according to the doS(‘. Most of tlie other 
giuiera art? suspicious or da.ng<irous, ex(*(q>t perhaps the Uvalarieco (N. 
America), which are said to be merely astiingtnit. 

XYRiDACEiR are sedge-like herbs with equitant k'avcs slieathing the 
base of a nalfed scap*', which is terininafed by a luaul of ]V‘rf(‘ct »‘l-androMs 
How(‘rs, with a gluniaceous calyx, a rt'gular corolla, and (‘xfrorso anthers ; 
the •‘^1-valved, mt)stly l-cell(*d capsule containing st^vtu'al or niany ortho- 
tropous s('(!ds, with a minute embryo at the ajv'X of flesh y ])(?risperm. — In 
habit these plants approach (Jyjnn’act'ns ; but the flowers art? ])etaloi(i as 
I’egards the iimer circle of organs, or corolla, nearly a]»}>roaching (tomme- 
lynacete, from whic'h they dilfl-r in having e])i])ctalous extrorse stamens, 
in the scaly calyx, and gentn-al habit. 'I.’liey are natives of tin? tropics or 
adjoining r<‘gions. Various sp('cii*s oi Xgria are used as rtmiedios for cuta- 
neous alft?ctions both in India and America. 

COMMKIjYNAOE/E (8im.i)KIi-wotit.s) are lu'rbs with fibrous, some- 
time.s thichened roots, jointed and (d‘t(‘n braiKdiing leafy stems, and chiefly 
perfect and (5-androus, often irri'gular flowers, witli t he jxnianth frt‘e from 
the 2-fl-celled ovary, and having a distinct green calyx and a coloured 
corolla, each of parts, the calyx ])ersistent; sfanums fl, all fertile or some 
abortive, often very peendiar in form ; capsule. 2--.‘>-celled ; s(?eds few (:!) 
in a cell, attach(!d by a linear hilum; embryo pulley-slui]K?d, nmiote from 
the hilum, in dense fli?shy perisperm. — Illustrative (lenera: CommAgna, 
Dill., Tradrficanfia, L. 

Affinities, &c. — ^’his Order, to winch belongs tlio garden 8pid(?r-wort 
( Trade scaiitla virginica), may bo r(?gai'ded as ont‘ of the grow ps inbu'rnediat^ 
bdwet'n the Orders vdtli (i-iuerous gluinoid perianth, lilo' the Jim(?ac(?ai, 
and the petaloid forms like Liliacea*. The joint('d s(flid stems of Tra~ 
descanfia are interesting in regard to the comparative structure of Mono- 
cotyledonous stems ; they emit roots freely from the nodes like Grasst-s. 
The hairs of the filamebts of the stamens of T. virginic.a an* classic ol>- 
jects to the botanist, from the discovery in them of the rotation of the 
cell-sap in non-aquatic plants. The rhizom(?s of Comnudyna cmleMis, tube- 

a, and others contain starch and nmcilage, and are usfid as food in 
India. Some of the species are said to have medicinal properties. They 
are natives of India, Australia, Afri(?a, and the West Indies — a few of 
North America. Trackscantia virginica is hardy in our gardens. 

PoNTKDEiiACE^ are a small Order of aquatic herbs with perfect 
moi’e or less irregular flowers in a spathe ; the petahjid, C-merous 
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perianth free from the 3-celled ovary; the 3 or (3 mostly unequal or 
dissimilar stamens insert<id in its throat. Tiiey are separated from 
Ijiliaceaj chiefly by the irrepular dowers, the j)ersistent ]X‘riant]i rolling 
inwards after llowiiriu^, and by the riioaly pf‘risp(?rm of their set ids. — They 
are natives of North and South Amtirica, India, and Africa, and do not 
apptiar to have; any important proj)ei‘ti<‘s. Some of tlui Vonledericn are 
usually grown in stovtis wliere there is a tank, on account of tlieir blue 
flowers. 

MAVACUiAi: consist of four spticit's of Mayaca, little Moss-lilio plants 
occurring in AiiK'rica, from Jlrazil to Virginia,, st'parated from Cominc- 
lynacem on aceomit of tluir habit, ]-c(*ll<‘d antlwTs, 1-celk‘d ovary A\ith 
parkital plactmtas, and tlio (uirjKds o})p(»site the iniuir lolxis (pt?tals) of the 
jMuianth. ^riu'y have no useful pro]KU-li<‘H. 

Gij.ltkstack.’i-] are a small Order of plants of somewhat anomalous 
structure, rela It'd to Idliaccte (seep. 383j; they ai’C bulbous }»erbs with 
s])ik('s of llowt'rs whicli hnvti a douhk' ciide of ])elaloid envelopes, 0 or 8 
subulatt' ])rocesses, tla'ii a ciip-likt* or labt'Unid organ bearing 3 or (> anllu'rs 
on its inner surfat'i', and a 3-c«‘lled ovury. — Idndk'y regards the pelaloid 
envel()])('s and subulate jaocesst's ail as bracts, and tlui structure on wliich 
the anth(']'s art' bornt' as the ]M*riantii. Olla'r authors art' opposed to this 
vi(‘W. Ot/liesia, iiindl., and Alierxiaj Lindk, are both Chilian genera. 

l*;inLYi)iiA(;'KA<] are herbs with tibrous rotds, (uisiform leaves with 
equitant bases; tlowt'rs within a junsisttnit s])athaceous Imict, with a •*»- 
])arl(?d petaloid pt'rianth ; 2 up])er segments cohert'nt into one; 3 colu'ii'nt 
stamens, of whicli the 2 latmal are barren and pt'taloid, and the middle 
has a tw(>-(‘.('lk'd antlu'r, tlie \vh<)l(* adliercmt t(‘ the anterior lobe of the 
periantb ; the polk'n-cells are cola'rent in masst's of four; the ovary su})e- 
rior, 3-celI(‘d, the odd et'll anterior, with axik^ plaei'iitas; set'ds numerous, 
with an embryo in the axis of lleshy pTispt'rm. — This Order consists of 
two })lants, l%ilydrum. lamiyhiomm (Australia) and Jleim'ia miymcm 
( China), exhibiting, with a. snjievior ovary, app'arancos analogous to those 
in t he (‘pigynous group of (.)rchidac<‘m and their allies. Lind ley ri'gards 
tlu'm ns relab'd to ('ioinmelynaeefc and Xyridaeere ; but ilu'y would ajipear 
to be rather a kind of ]K'rigyiu»us Zingiberaeiuo. They have no known 
uses. 

E. ArocAKPJAc. 

Carpels usually distinct ; seed a])erispcriiiic. 


Ai;!SAIACE.E. 


Voh, Potamales, Hook. 

is. — ^larsli-herbs, mostly wdth broad petiolate 
h'aves and scape-like flowe?*ing stems ; flowers perfect or 
moiuwcions, wutb a double periantb, consisting either of 
a gi-een calyx and a coloured deciduous corolla, or of 2 
circles of g\’een scales, each of three pierces (lig. 473) ; 
ovaries 3, (3, or numerous, more or less distiuct, and 
separating into as many nuts; seeds campylotropous or 
aiiatropous ; embryo doubled, hook-shaped, or straight, 
•without perisperni. 


Fig. 473. 



rr 

Plan of flower of 
Triglochin : Xj bract. 
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Illustrative Genera. 


Subord. 1. JuNCACiNE^']. Pm- 
ayith i^caly ; anthn's (tlwaj/i^ iwti'orse ; 
ovule inverted; embryo straight. 

Trii^lochin, L. 

Scheuobzeria, L. 

Subord. 2. Alisme.e. Infernal 
circle of the perianth coloured; oimlrs 
solitary or tivin ; ovule and embryo 
curved. 

Alisnift, Juss. 

Affinities, &c. — Tlio Alismere l)(‘ar considerable reseniblniice io tlie Dico- 
tyledonous Order liauuncAdact^a*, wliile Iiutome<c have been compared 
with tin? Nymphjea(*eai on account of the curious })lac(Mitation ; but there 
is hardly any real relationship in this latttu* case. On tin* other hand, the 
Alismece have some similarity to the Comnn'lynacea*, from which they are 
st'parah'd by tln^ aperisp(irmic seed. TJiis structure of tin*! 8ee^d 
with tliat of Naiadace/e, with which this Order is comnvted by the »7ww- 
cayinece. Scheuchz('ria in this last division approacln‘s JiincactJic. 

Distribution. — A small group, the members of whicli inliabit marshy 
localities in all parts of the world ; most abundant, perhaps, in temperate 
climates. 

Qualities and Uses. — An acrid property is common in th(‘ foliage and 
ill the rhizom(‘a, but the latter ar(^ sometimes tleshy and farinaceous, and 
tlien may be eattm after tlie, acridity is removed by (*ooldng. Sayiff.aria 
sinensis is cultivat('d for food in China. Many are vtuy handsome afj^uatic 
plants, and are cultivated fur the sake of their tlowei’s. 


Actinocarpiis, R. Br. 

Sagittaiia, L. 

Subord. 3. BuTOMEit:. Internal 
circle of perianth coloured ; ovules 
numerous all over the inner surface 
of the carpels; embryo curved. 

Butomus , Tournef. 

Limnocliaris, H. vjj’ B. 


NAIAD AGILE. The Bond-weed Okdeii. 

Cth. Potainules, IJooU. 

Diaynods. — IniinersiHl aquatic plants, with joint tjd steins and 
sheathing stipules within thti petioles, or with Fig. 474. 
sheathing bases to the leaves; iucon.spicuous, 
moncecious, dia?cious, or perfect flowers, whicli 
are naked or have a free, scale-like perianth ; the 
ovaries solitary or 2-4 and distinct, 1 -celled, 1- 
ovuled; seed aperispermic ; embryo straight or 
curved (fig. 474), wdth a thin membranous testa. 

— illustrative (lenera : Naias., Willd. ; Zostera, L. ; Embryo of 
Ruppia, L. ; Zannichelliu^ ^lichel, ; Fotarnoyeton.^ removed r^ieb^*; 
L. ; Aponogeton, Thunb. 

Affinities, &o. — This Order agrees with Ilydrocharidacese and Alismaceae 
in the structure of its steeds, but ditfers in the simpler organization of the 
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inflorescence, whicli, as also its periantli, is like that of Spadiciflorse, which, 
however, is connected with that of Alismacese in Scheucheeria. Decaisne 
and Maout, following A. de Jussieu, keep distinct the Juncagineae, Apono- 
j^teae, Potameas, and Naiadeae, all of which, with the exception of the 
first, are here included under Namdaceae. The groups established or main- 
tained by the authors just cited aro collectively characterized by the 
absence of a perianth or at least of a petaloid perianth, while they are 
separated one from the other by the form and dirt*c^tion of the embryo, 
wnich is straight and slender and with the radicle next the hilum 
in Juncaginefle, swollen and with the radicle away from the hilum 
in Zodera^ swollen and with the embryo so curved that both its 
extremities are near the hilum in I’otamcm, swollen and with the 
radicle directed to the hilum in Kaiadem. The lonn of the stigmas, 
whether entire and trun(*ate or linear and divided, is also relied 
on to distinguish the several groups. Some authors considcu’ the in- 
iiorescence really spadi(ufiorous, and regard the scaly perianth, when 
})rt^Hent, as consisting of bracts surrounding inipcuTect unisexual Howlers ; 
and this idea is suppoj’ted by the spatln‘-like bract 'svliich occurs in some 
gtnera {Zuafera^ Ax*.). From this point of vic^w they rehih'-d to Ltuu- 
naceaj; but the cliaracter of the 8<^eds is diverse. The structure of tlujse 
plants is generally very sirnplt', consisting clutdly of cellular tissue of very 
d(‘licate organization ; in Ouvirandra the lamina of the fnU-grown leaf 
becoiiKiS a delica te latlice-like j)late, tlnunterspacos between the ribs being 
destiroyed during (wpansion. Zosiera is rt'markable for its poUeri-grains 
b(‘iiig tubular and d(;stitute of an external coat. 

Distribution. — The species are numerous, and are met with in still, fresh 
and brackish wattu', and in the sea {ZosUn'd)^ in all parts of the world. 

Qualities and Uses. - Apparently destitute of active properties. The 
leaves of Zvdvra marina are (Collected and dried on the sea-coast as a 
material for packing, filling mattresses, &c. 


Division II. Spadiciflorae. 

Monocotyledons with flowers usually on more or less fleshy, 
simple or branched spikes (s])adices), with or rarely without spathes. 
Ferianth biseriate ; segments uniform, herbaceous or none. 

Exceptions, &c. — This group is one readily recognizable, though not easily 
defined in words. It is su])ject to many exceptional and transitional forms. 
In I'alrns tlie structure of the perianth is like that of some Liliacefe or Jun- 
cacejp, but tlu* segments are more flesliy ; tlie Ij(*nmaceie, usually considered 
the lowest representatives of the Aroid type, liaAc so few flowers that the 
spadieiform peduncle does not represent this structure very clearly, but it 
is surrounded by a spathe. Taccaceae resemble Ai’aceae in habit, but their 
flowers are more complete. The inflorescence is of the same general clia- 
racter throughout, but with many modifications. 
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PALMACEjE. Palms. 

Co^, Palmalee, Benth, et Hook. 

Diagnosis. — Trees or shrubs, mostly with a simple unbranched 
trunk (fig. 478), occasionally slightly ramified, 
with large terminal clusters of mostly compound, 
or deeply divided stalked leaves, the stalks 
sheathing at the base ; fiowers unisexual or per- 
fe(;t, with a double 3-merous herbaceous p(?rianth, 
on a mostl}^ branched scaly spadix enciosiid by 
spathe (fig. 475) ; stamens fi, hypogynous or 
licrigynous ; ovary of 1-3 free or coherent car- 
pels ; ovuli^s solitary, rarely two ; fruit baccate? ; 
s(?(?ds with a luiuute embryo imbedded super- 
ficially in homy, fieshy, or bony ])erisperin. — 

Illustrative Geiuira: (■lia.riKvdorea, Willd. ; Arem, 

L. ; Oero,vglon^ IL. B. ; Ofrgofa^ L. ; (UUanuts, 

L. ; (xmrtu. ; Bonfsstts, L. ; Lodoicea, lia- 

bill.; A dans. ; Ckanuvrops^ L. ; Jlhajfls, 

L. fil. ; J^hceirix., L. ; AUalea^ 11. B, Iv. ; Etais, 

.lacep ; Cocos, L. 

Afflwltips. &c, — The Palms form a v(‘ry natural 
Order, iiicludiiig a great iimnluT of plants vaiying 
to a cojisidei'alile (‘xU'iit among themsehes, hut S(‘]>a- q ii . ii .i .i 
rat(‘d by very distinct characlnrs IVoiri tlu' nsst of the RpaiiTv of 
.Monocotyledons. Hay as a riil<‘, assuna' an arbores- rufi/<trc. 
ctiiil cliara(d(!r, the stern being formed on the sana^ fundtinumtal plan as 
those occasionally oceiirring in ollan- Ojxb'i’s of Monocotyledons : tin; sknu 
of the (5ila.irioid I’alms bears much res«‘mhlanc<- to that of the Bamboo 
among tlie Grasses; the forms with scarcely developt‘d intornodes, marked 
externally by the scars of the fallmi leav(‘s, agree* ('sseiitialh with tliose of 
Yucca, Xartfhorrhwa, (*xcept that the tihrons cortical region is little de- 
veloped and does not eexbihit gi e>wlli by suee-essive* layen s as in tlie)S(‘ plants ; 
the Jlgphccucs, which have a brane-he d stenn, seMnu to lamify in the* same 
way as tlie I'cllosice, by a hifiircalion resulting from the eiccasionaldevelop- 
in iiit of an axillary bud, which inaniftists a jiower of growth e^epial, or 
nearly so, te) that of the te-rminal hud. Hie ramification eif tlu^ trunks 
above ground is a rare plKUiomenem ; hut it is ^'(‘ry common for sucke'rs to 
be sent out from the hase*s of the stems below the sell, imitating on a 
large scale the appearance of the young bulbs around the parent in the? 
herbaceous Moneicotyledons. The? jiareuicliymatous substance of tbe ste m, 
in which the fibrous structures are* imlx-deled, vari(‘8 much in consistence : 
sometimes it becomes lignilie?d, and give‘s a soliel character to the trunk, 
as in the Cocoa-nut Palm ; sometimes it is soft and spongy inkirnally, as 
in the Sago-palms, becoming lilh*d at certain seasons witli stal’d!. The 
spadiciform infiorescence, unfolding from witliin a large foliaceous spathej, 
connects the Palms with the Aracoic, a relationship further indicakd by 




892 


SYSTEMATIC BOTAKY. 


the low type of structure of the floral envelopes; but tlier<? is a general 
ttujdeiicy to union of the sexes here, and a difference in the position of 


Fig. 470. Fig. 478. 



Fig. ‘17<t A Diile, with tiulf the ]MTu*ar|i r('ni<*vfj (c> k> rthov\ tlie and embryo (x). 

Fig. 177. Section of tin* fruit of tlu* Coeoa-uiit Palm; x, the ahell of the nut. 

Fig. ns. Trunk nrul foliage of a apeeioH of 

tin* eiubivo williin the peTis])erm — not to dwell upon the wide diversity 
«d’ gem*i’}il striK'tnri* and luihit. Tin* regular tc'rnary ttiTangennnii of the 
ll()W(‘rs, the (» si aniens, and the 8-earpeilary superior ovaiy approximate 
this family to the l/iliaeea*, in which, however, the habit diflers in almost 
(*vt‘rv respect, bi‘sides tin' g“rt‘at diversity <d‘ the fruits and seed.s. Tin* 
dural formula of a perfect Palmtloweris thus that of a tyjacal Monoeotyle- 
dim, blit variations ueeur from suppressitiii of parts and in accordance 
with the relaliN C* position of the bi*acte('lcs, I'tc. The inflorescence of the 
Talms is in some cases axillaiw, allowing of iiuhdinite growth of the 
Irmik by the t(*rininal bud; in other ca.ses it is terminal, and the flowering 
of the plant then puts a period to the term of growl] i (sometimes as mucli 
as 'Ji) years), the trunk dying after the ripi'uing of the fruit (like the main 
stem of the A(/ai'e), but occasionally ^icrpetuating itself by subterranean 
{ixillary suckers. Sometimes the axillary inflorescence breaks out from 
above the cicatrix of a long-fidlcn leaf, on the bare part of the stem. The 
flowers are generally v(*ry numerous ; it is said that the male inflorescence of 
the Date may Ix'ar 12, ()()() flowers, and tliat a bunch of some of the Soiith- 
Ainerican ralms will bear 3CXX) fruits. In Alfumia am}f(jf1alina 207,000 
flowers have been compuced on a single spadix, or 000,000 on one 
plant! There is very considerable apparent variety of form and structure 
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of the ripe fruit in this Older, easily reducible, however, to a single type. 
As a rule, there are 3 carpels, either distinct or united into a 3-C(died 
ovary, each carpel coiuinonly producing 1 ovule ; in Cocos^ however, 2 
out of the 3 cells are rudimentary, and thus only one ovule is developed 
even at first; in Aroca and others, 3 distinct cells and ovules originally 
exist; in Chamr/^ntps ' mA Phamix' the 3 carpels form separate 1-ovuled 
pistils ; in Porassiftt, a 3-celled, 3-ovuled ovary exists, and the same in 
Lodoieea, In th<' course of the maturation of the fruit, the pericarp bt;- 
conn s variously dovelopt'd, and more or less of the ovules or of the distinct 
siiiiph*. ovaries are aborted. In Cocoi^ the pericarp is developed around the 
one perfect cdl, ('xleriially as fibrous husk, internally as the woody shdl 
of the nut ; the flesliy part of the nut (hollow) constitutes the albumou 
of tli(^ sei'd surrounded by a brown testa; and the embryo is lodged in a 
ca vity in the substance of th(‘ porispcu-iii, at one side, laair the base dig. 
477). In Atrvn, 2 out of tin*. 3 ctdls and ovules are abortive ; tlie pe.ricarp 
ripens into a fibrous husk round a solid scmxI, chietly composc'd of horny 
ruminated perispt'rin (tia? Areca-nut). In Vhanicerops and Vhwnix^ 1 out 
of the 3 simple ovaries riptms into a biury; the pericarp, becoming 
the pulp (Date), contains a ‘‘stone’’ or s<*ed, which is a solid mass of 
liorny perisperra with tin* (unbiyo imbedded in a small cavity a little be- 
neath the surfacjt^ (fig. 47(>), its place being indicatt d by a pt»,[»illa lUi the- 
8urfac(‘. In all lh(‘ ovul(‘s bt'coun* dewloped, and form 3 tibrous 

“ stones ” in the fruit. In lAxhicea it ofteji hapj>eus that 2 or e^'en 3 
ovules coaleS(;(} dining ripening, forming large, hollow, double or triple 
nuts, of the same' charai^ter as the (’ocoa-niit, enclosed in a liirgi> fibrous 
husk (these ari' tlni “Double (h)coa-nuts” of the Siwidielles Islands). 
Ill ISayus and othm* gimera the ovary is clollnai with imbricated siiales 
poiutiiig to the base., which ripen into woody structures, forming a peculiar 
hard-scaled covtuing to the fruit. Those scales, ac.cording to JSpruce, are 
rudimentary leaf-blad(\s [scales Y] rijflecti'd. 

The subdivisions of the Order depend upon the habit, foliage, nature of 
the fruit, attachment of tlie seed, position of the embryo, »&c. 

Disti'ibution. — A large Order, consisting of about a tlioiisand species, 
chiefly tropical ; scarce as regards speciiss in Africa ; a few advancing 
into temperate latitudes in North America, hhiropi^ and Asia, and New 
Zealand. Kemains of i'alms have been found in the Upper Cretaceous 
and more recent rocks. 

Qualities and Uses.— 1 laving (apparently) no noxious propcTties, the 
very varied products of this noble Order of plants render them of an 
importance to man second, perhaps, only to that of the (.’ereal Orasses. 
Their juices and secretions luinish sugar, starch, oil, wax, and resins; fer- 
mentation of the juices of many produces spirituous liquids. Some have 
edible fruits of great importance ; the succuLmt buds of others are used 
as esculent vegetables ; their leaves are applicable to countless uses, from 
thatching huts to plaiting mats and hats ; the hbrous substance of the 
sheathing petioles furnishes materials for cordage, or, when more solid, 
supplies a valuable substitute for bristles and whalebone ; the fibrous husks 
of the fruits afford textile materials ; the trunks of some kinds b(*-come 
valuable timber ; and the hard perisperm of the seeds of several kinds is 
very largely uscid for turners’ work connected with cabinet-making &c. 

Saccharine juice, furnishing sugar or fermented liquid, according to the 
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use made of it, is obtained abundantly by cutting the unopened spathes 
of Caryota urens, Cocos nucifcra, Borassus Jiahellifm'mis^ B/iapis mnifera^ 
Saytierus (Arenya) saccharifei', Bhwnix sylvestris^ Mauntia mnifm'a^ Blais 
f/utru'emisj and others ; starch is obtained abinidantly from th(} central 
parenchyma of the trunk t)f tSayus liumphii, Metroxylon la-ve, Sayuerus 
saccharifer^ Pha-nix fannifera, &c. Oil is obtained especially from the 
African Oil-l^alms {Elais yuineensis and E. melanucocca)y the fruits being 
crushed and the oil extracted from the perisperm by boiling in water ; 
Cocoa-nut oil is obtained from the perisp(‘rm of the seed ; wax is excivtc^d 
on the lower surface of the leaves of Coperniexa ctnfera^ on the trunk and 
between the lea\'es of Ceroxylon andicola. CahimaA Draco ^ llypliaine.^ and 
others have a resinous matter in their juices. ^J'he most imjKU’tant fruits 
are ihose of the Date {^l^ha^nix dacfylifcra) and the Cocoa-nut {Cocos 
niwifcra); tlie imii ot‘ Jlyp/ima^ thchaica, the Egyptian J)ouni-palm, is 
also eaten; aiid the stM^ds oi’ Ax-cc/ia Ca/cc/iu (Detel-nuts) are veay largely 
uscid, in the East Ijidies, for chewing witli the leaves of the Eetef JVpjx r. 
'I'he fruits of some of tJie I*alms an* acrid {Caryota, tHayucrus) ; tJie 
acridity, iiowt*\’(*r, is removed by soaking in lime-wat(u*, and th(‘y an^ 
eaten pres(.*rved with sugar. Tlu? Indian ( ^ibbage-palm, of wliidi tlie 
buds fire eaten boil(‘d liJu* cabbfig-es, U Arcca okracra Eaferpe moniana is 
lued ill the sfime way. Eilirous substance is deiived from the husk of 
th(i fruit of the (.’ocoa-niit (Coir), Astrovaryum vulyarc, Aft aka f uni for a, 
and othf'rs ; the bristle-like, I'iassaba fibres, used for brooms, are from 
LvopoUJina Piassaha, 'Ihe wood of the Coci»a-nut Ealms is hard, durable, 
and bandsomti (l\)rcupine-W()od) ; Borassm JluhcUiforxuis yi(*Ms what is 
calk'd Ikilmyra-wood. Nuts suitable for turning are aifbrdi'd by the 
seeds of Attalea f uni f era ((h»quilla nuts) and Pitylckphas macrocarpa 
(V«*getable Ivory). The resin known as Dragon’s blootl is yielded by 
Calamus Draco. 

( knnmoii caiK^s art* tlit^ stt'nis of Calamus Scipionum, Anktcca rudeur 
turn, &c. Partridge (aiiios, ust^d for walking-sticlcs, &c., arti stems of an 
unknown Palm. The jietioles of Chanucrojis hnmilis sire used for walk- 
ing-canes in Italy ; and the iibre of tht; leaves of this plant is now’^ (aiming 
t*x tens! vely into use as a substitute* for horse-hciir. Tlie foregoing is only 
a brief summary of some of the best-kiiowm uses of these plants; similar 
prodmds and apjdications are connected with a great number of other 
spcicies besides those* here mentioned. Sevt*ral species fire cultivated, for 
tlu^ grandeur of tlieir foliagt*, in our stoxes; and some, such as Mum 
spectahilis and Chamcerops c.rceha, are sulliciently hardy to be grown out 
of doors in the south of England. 


PANDANACEyE (Screw-Pin Ks)are trees or shrubsof Palm-like habit, 
but eiften dichotomously branched, with the leaves sheathing at the base, 
imbricated in S spirjd ranks ; flowers numerous, naked or sctily, male anei 
female or polygamous, arranged densely on a simple or generally branched 
spadix furnished with numerous spaithaoeous bracts ; antJiers stalked, 
2-4-e?elled ; ovaritis mostly grouped, 1-cclled, with solitary or numerous 
ovules on parietal placentas ; fruits with a fibrous husk, 1-seeded, arranged 
in groups, or many-celled berries wdth many-s(*eded cells ; ombiy^o minute, 
imbedded at the side near the base of the fleshy perisperm. — fllustrative 
Genera: Suborder!. Pandaneje. Flowers naked 3 leaves simple. Paw- 
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damiSy L. fil. ; Drj/cineticL, Gaud. — Suborder 2. CYCLANXHEiE. Flowers 
mostly with a perianth ; leaves fan-shaped or pinnate. Carludoinca, R. 
& P. ; Nipaj Rumph. , Cyclavdlim^ Poit. 

Affinities, Ac. — This Order is related on the one hand to the Typhacese 
by the inlloresceiice, which resembles that of ISparyanium ; on tlie other 
to the Palniacea}, which the Cyclan^hece approach in habit and folia<?e. 
'J^he braiichinj;^ stem and the large aerial roots of l^andamis (tig. 10, p. 10) 
are exceedingly curious. 

Distribution. — Tropical : the Pandam'es chiefly in the l^ast-Indiau 
Islands, Mauritius, Szc. ; the Cyclardhrce American. lAnssil Pandaruids 
have been observetl in the* Upper Chalk. Nipa is comiiion in the Eocene 
deposits of tlie mouth of the Thaimis. 

Qualities and Uses.— The seeds ar<‘ edible; saccharine fc'rmeutihle juice 
flows from the (uit spadices of Nipa and other species ; the leaves and 
fibres are used for cordage, plaiting hats, kc. 


Typhacp]^ are marsh-herbs, wdth nerved and lineai* s(\s.viile leaves ajicl 
moncecious flowers, on as])u.dix or in lu'ads, destitute of a proper jx'riaiith, 
which is replaced l)y or nion* scal(*s or a t uft of hairs ; ^ 

stamens 1-0, distinct or monadeljdious; antheu's innah? ; 
ovary solitary, l-cellcd; ovule solitary, ])endulous; tnn- 
bryo in the axis ofimialy jH'risperm (fig. 470) : radicle la xt 
the hilum. — The habit ajid general a])p(‘aranc.(*. of these 
plants reseinbh^ those of (..'yjjeraceje, and tin*, hairs of (h(^ 
flowers of Typha arc* analegous to those of Nriojdtanrat ; 
but they bedemg to tln‘, Arac^^ous type, and the structure 
of their iuflor(\scenc(' a.]»proach(‘s clos<*Iv, in Sj>arya'tiinni 
especially, to that of Paudanac«*;c, w'hich, howewer, have 
the ripe fruits more or less blended into a. mass, lliere Bootion of 8«*od 
is also some resemblance ill the inflorescence and in tlie oVTitpha. 
flowers to Platanaceju. — The plants grow in ditch(‘s and inarslies in most 
parts of the world. — The rhi/.oiues of Typha contain a certain amount of 
starch, and the young shoots of Hulrusluis {T. latifulia and 71 artyuMir- 
folia) are sometimes used as esculent vegetahic.s, like those of Asparagus. 
The abundant jiollen is also nutritious, and is niiidcj into a kind of bread 
in iScinde, in New Zealand, and elsewhere. 


AROIDACILE. 


Coll. A rales, Bmth. tt Hook. 

Dioffnosii ^. — Plants with acrid or pungent juice, simple or com- 
pound, often prcininently-veined leaves, and moncecious or perfect 
flowers crowded on a spadix, wluch is usually surrounded by a 
large bract or spaihe (fig. 480); perianfh w’anting, or of 4-0 
scales ; fruit usually a berry ; seed w^itli the embryo in the axis of 
mealy or fleshy perisperm, or occasionally aperispermic. 
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Fig. 481. 



IlLITSTK ATIVE ( t KNER A . 


Subonl. 1. Aracjc.e. FlourrH 
impn'fvH ; spadLv mrroimded by a 
iipiifhe. 

Arum, L. 

( 'olocasia, Hay. 

C-aladium, 7Vv//. 

1 )it‘fpL*nbachia, ISchott. 
Kicliardia, Kvnih. 


Subord. 2. OiiONTiArK.E. Fbnvn'f^ 
perfect., mostly with a perianth ; spa- 
di.r surrounded by a spat he </)' naked. 
Tribe 1. With a spathe. 

(>alla, L. 

PoilioH, L. 

Tribe 2. Withnit a spathe. 
Oroiitiiim, L. 

AcoruH, L. 


r»y lOiiglev this large group has been recently subdivided into ten sub- 
(udt'-rs and numerous subsidiary trib(‘S and subtribes. The suborders are 
Potladdea', Monateroide.'e, Jjasioideie, Pljilodendroidefe, Aglaoiiemoidea;, 
Colocasioideje, Staurostigmoidea3, Aroidtije, Pistioideie, and Lemnoidea>. 
'riie principal characters rtditjd on to distinguish these groups are the 
presence or absence of laticiferous vessels, the presence or absence of H or 
H shaped int(?rcellular hairs, the arrangement of the leaves and shoots, 
the venation of the leaves, the bi- or unisexual llowers, the presence or 
absence of a perianth, the direction of the ovules, »fcc. &c. 

The floral formula ion: Aeorus is Pv-f.\ A fl '«'? the ordinary 
Moiiocotyledonous form. In other genera great moditications arise from 
suppression of parts, &c. 

Affinities, &c. — The peculiar thickened fleshy flowering stem densely 
covered with flowers of rudimentary structure, forming the spadix of this 




SPABICIFLOKiB, 


397 


Order, together with the spathe met with in most cases, give the group a 
c^haracter of habit which is generally very distinct ; some genera, however, 
such as Acoi'uSy depart from this form, and approach the Typhacefe or 
Oyperacete in aspect, with which the spadiciflorous structure at the same 
time unites them ; they have further relations with the Pandanacese, and 
also with the Palmace^., in w^hich the inflorescence shares the spadici- 
florous characters ; and although the perianth is much more definite and 
highly developed there, its presence in Acoi^m and Onmtium of this 
Order forms a connecting link. Lemnaceoc are closely related here, and 
perhaps should be regarded as the simplest form of' Aroids; but the 
conditions are so simple there that it is more convenient to separate them. 
From Naiadaceai, in which tlie inflorescence is moreover hardly spadi- 
(iifiorous, the Aroids are easily dislinguisbed by the character of their 
seeds. The Araceic are either herl)S, soiuetijncss with very large leavers 
and spathes, or their stem becomes more or less developed and branched, 
so as to give them a sbrnbhv cbaracler ; while others are epiphytic and 
climbing plants, ])rc)dnciiig aerial roots like the Orchids. The leaves are 
of the most varied character in this Ordtu*. 

Distribution. — A. large Order, not numerous in temperate climates, hut 
ropresenti'.d there by Arvniy Calla^ and Acorm, Most- abundant in the 
tropics, especially in forests and the lower r(‘gions of moinitjiins, 

Qualities and Uses. — The jtiices of the Aroids are g-enerally acrid and 
dangerous, some very poisonous; but beat seems to dissipate the noxious 
principles. The- acridity is n'jdactsl by agr(*eal)I(^ aromatic jiungeiicy iii 
Arortfs ValamuH. The conus and rhizomes oftiai contain much starcJi, 
which is extracted, and purifled by washing, from Arum mnmlafuui 
(Portland Arrowroot); while the curms of Arum indivM'tn^ Auiorpho-- 
phalbui c(wip(tnulafus, ('alodium hiador^ Cidommi (‘‘(h)coes’’ and 

Fddoes,” West Indies), (I macrorhiza (^‘Tara,'’ Soul h-Si'a Islands), and 
(1. himalapf'mis are eaten, rousted (»r boiled. 'J'he rhizonuis of (-alia palu,'^ 
trin are also eaten after thorough washing. Dieff'ndjachio srf/uina. llio 

Dumb-cano ” of the W(\st Indies, is so called from lln^ inflammation of 
the tongue and fauces produced by chewing it ; Dratumtiu'm j)rriunu 4 ii 
('remarkable for its perforated k'aves) has blistering properties. iSympltt- 
earpua fa'tidu^^ the ‘‘ Skunk-cabbage ” of North AmericM, is A^ery f etid, as 
is also the newly opmied iiifloresctaice of Arum Dramwmlm^ A. italmim., 
and others, which ])roduce sickness and serious indisjiosition in some 
(ionstitutions. Itichardia africaua is the Avliite sjaithed “ TrumjKjl-Lily ” 
of our conservatories. The species of Vhilodendron are ytjry handsome 
stove-plants. Anthurium l^dwrzerinnum is particularly noticeable for its 
brilliant scarlet spathes and its tAvisted spadix. 

LEMNACl'k'E are minute stemless plants, floating free on the water, 
either destitute of distinct stem and foliage, as in Lnnna^ or consisting 
of tufts of leaves connected by filiform runners ) ; producing feAV 

moncecious flowers, surrounded by a spathe, from a chink at the (ulge or 
upper surface of the frond, or in the axils of the leaves; stamens definite, 
sometimes monadelphous; ovary 1-celled, Avith 1 or more erect ovules, 
from the base of the cell: fruit a 1- or more-seeded utricle; embryo 
straight, in the axis of fievshy pcjrisporm. — Lenina^ the genus to which the 
common Duckweeds belong, is one of the simplest representatives of the 
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l*lianerogamfl, composed of a stem consisting of 2 or P» small leaf-like 
lobes producing little liliform roots below, and ultimately display' ing a 
scale-like spatbe at tbe margin, enclosing the inflorescence, reduced to 
two naked and unisexual flowers ; the male flower consisting of one or 
two stamens, the female of a simple pistil. Woljfia is still more simple, 
inasmuch as it consists of a flat green plate homologous with the thallus 
of Cryptogams, on which is placed one male flower consisting of a single 
stamen and one female flower consisting of a single carpel. From the 
under surface near the edge protrudes a small bud, by which the plant is 
reproduced yegetatiyely. It may be thus represented A l^G 1 , the = in- 
dicating the thalloid stem. Pisf ia, also represented by little floating water- 
plants, has distinct tufted leaves, and the tufts are connected by flagelHform 
branches like the runners of a Strawberry. The spathes are here axillary, 
and they enclose separate male and female flowers seated on distinct 
parts of the central line of the spathe, which would appear therefore to 
be a branch, like tbe leafy peduncle of Piisms, or else it has the spadix 
or ptiduiicle adherent to its inner face, lly some tluise genera, with Am- 
hrosmidy is included under true Arads. The Lemnacem are the lowest 
forms of the Avoid type of Monocotylodous, and are related by habit to 
the Naiadacem. — The Leimue occur chiefly in cool climates ; Pistia princi- 
pally in the tropics. Pistia appears to possess aciid properties ; but the 
plants are of little importance, except, perhaps, as tending to purify the 
stagnant pools and ditches in which they abound. — Genera : Lemna, L. ; 
IHdict, L. ; Ambrosmuij L. 


Division III. GlumiflorsB. 

Monocotyledons witli the flowers colh^cted into close spikelets 
or beads or in loose cymes ; perianth glumaceous, biseriate, or none. 
L(\'ives sheai liing. 8ced ])erj.spcniiic. 

Exceptions, &c. — The perianth in tins group wlieii present is either dry 
and scaly or bri stly — not fleshy or herbaeoeiis. In J uncacem, &c,, it is quite 
regular and ejicyclic ; in Sedges it is often wautiug ; in Grasses it is scaly 
and suiTOUudf^d by glumes. Tbe term glume ” is oft(m used vaguely to 
signify intlier a bract or a periautli-S(‘gment. Tl is tiu'n'fore, preferable to 
use tlie a(ljt>clive term glumaceons. The habit is often characteristic ; 
thus we s])eak of a sedge-like or rush-like habit, implying a rhizome 
with erect giUKTally unuranclied stems, clothed at the base with scate 
leaves. ( \ rass(.*s vary m uch in liabit, as describi'd under that Grder. N aiads 
have a glumaceous pmianth, but ditTer in most otlau* particulars from th(^ 
Orders hei e associated. Xyrids differ technically in the possession of a 
true corcdla. 


31JNCACBJE, Etjsiies. 

Coh. Liliales, Pent?i. et Hook, 

Diaijnmvs, — Grass-liko or sedgy herbs, with fibrous roots, or a 
subterraneous rhizome, with jointed stems, often capitate inflores- 
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cenoe, and a regular persistent perianth of 0 similar scale-like pieces ; 
stamens 9, or rarely 3, with iiitrorse anthers ; 
ovary l-3-ce]le(l, producing a 3-valved, 3- or 
many-seedfHl, or sometimes a 1 -celled and, 
by suppression, 1 -seeded capsule; embryo 
minute, in fleshy horny perisperm; radicle 
inferior. — Illustrative Grenera ; Luzula, DC. ; 

Juncus^ DC. ; Narthecium, Moehr. 

Affinities, &c. — With JiincaceaB are included by 
Lindley a number of genera which are regarded 
as doubtful, or established as separate Orders by 
some writers, such os Astelioae, a group of woolly- 
leaved epiphytic plants of the southern hemi- 
sphere, and Kingieao, plants with a stem like 
jiimihorrhma and a 1 -seeded fruit, and some 
others. The genus Juncm (Kush) connects the 
Order to Liliace^e, from which the chief difference lies in the habit, the 
small embryo, and the glumaceous character of the segments of both 
circles of the perianth ; Narihecium connects them ; from Xyridacem 
the latter character divides them. Xerotes approaches the Palms in the 
charactc^r of the flowers ; and tliis is associated with Kinffia, whicli has 
an arborescent habit. The scaly pe-iianth connects them mth Cypcracjea^, 
Ibistiaco.e standing between and diftering from Juncaceoo in tiifling 
points, which will be noted under that Order. 

Distribution. — A considerable group, the members of which are natives 
chiefly of cold or temperate u^gions; some occur in tropical Australia. 

Qualities and Uses. — Without impoitant properlies in most cases. 
The leaves of liiishes (spe(;ies of Jimcus) are Jaigely usiid for making 
mats, chair-bottoms, &c. ; and tbo parenebrma or ^^pith” of the cylin- 
di’ical leaves and stonis was much used until recently for making the 
wicks of rushlights; this substance has a beautiful microscojnc siructure, 
being formed of regular stelliforui colls. 

DESVAiTSTACEiK avo little sedgo-liko herbs, with gliinuiceous flowers 
in a terminal spathe ; glumes 1 or 2 ; pa.le;o 0, or repn^sented by scales 
parallel with tlie glumes; ovaries usually several, sometimes consoli- 
dated, eadi with a pendulous ovule; stamens 1, or rarely 2; anthers 
1-celled; seeds perisperniic ; embryo terminal, — These little plants, cliieflv 
natives of Australia, are of small importance, exce})t as representing one 
of the types of the Glumaceous condition of Monocotyledons. They difler 
from Cyperacene in Inivijig sevtjral 1 -celled ovaries more or less coherent, 
or, if a solitary ovary, it is 1 -carpellary ; the a.nth€.*rs also are 1-celled, and 
the embryo t(?rminal, as in Kestiacem ; but they liave only one stamen, a 
1-celled ovary, and a utricular fruit bursting longitudinally. — Genera : 
Centrolepis, Labill. ; Gaimxircliay Gaudich. 

ERIOCAULAOIL^l are aquatic or marsh-herbs, stemless or short- 
stemmed, with a tuft of fibrous roots, and a cluster of linear, often loosed y 
cellular, grass-like leaves, and naked scapes sheathed at the base, beai’in’^^* 


Fig. 482. 



Ternary flower of 
Immla. 
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dense heads of mono:*.cioii8 or rarely dicecions, small, 2-8-merous flowers, 
each in the axil of a scarious bract ; the perianth double or raredy simple, 
scarious ; the anthers 2-e.elled, introrse; the fruit a 2-^l-(!elled, 2-^1-seeded 
capsule ; seeds pendulous, winjrf'd or liairv, with a lenticular embryo at 
the end of the perisperm remote from the hiluni. Tlie immibranous tube 
surrounding the ovary represents the corolla, and thus ))laces this Order 
int(‘rmediate between the Gluinaceous Orders and the Ayridacepo, which 
h^ad on throu^rh (J!ommel 3 'nacefe to the Liliaceje and their allies. — The 
plants are mostly natives of America and Australia. Eriocaiilon neptmuju- 
lare occurs in the Western Islands of Scotland (Slvy('). 

ItKSTTAOM/hl are lierhs or undiu’-shruhs, <ren<‘rally without perfect 
leaves; stems usually with slit-c(m volute Ifsit-slu^aths; with spiked or a^'- 
jrrejrat(‘d {^lumactMuis, mostly unisexual tlowers; perianth-sf^g’immts |^*luina- 
ceoiis, 2-(», or seldom 0; stamens 2-»», adherent to the inner ])erianth-so"- 
ments ; anthers usually 1 -celled, rarely 2-e(dh‘d ; ovary superior, l-;>-cell(‘d, 
odd cell anhu’ior, ovuh* solitary in (*ac]i cell, p^'nduloiis ; seeds peri- 
H})(U*mic, emibrvo terminal. — l*i-inci})ally distinnuislunl from Cyperacefe by 
the pcmdiilous seed and terminal lenticular eiuhryo, further aho by the leaf- 
shr'atlis beinp* slit; from tin; .TimcacefO hy tlu' same cliaracters, by the 
stamens, Avhen .‘1, bdnp: o})posite the inner glumes, and by the usually 
J -celled anthers, 'fhey an* Avithoutihe membranous perianth betw(‘(mlho 
glumes and the ovary whicli occurs iu Ihiocaulacejc ; while Xyridace;e, 
among the l*etn.]oidt*a‘, have the floral envelopes in 2 cii\l(‘S, of whidi the 
inner is petaloid. Trom Desvanxiacea* they differ iu having 2 or M sta- 
auens, and if with a 1-C(ll(‘d ovary usually 2 styh^s, and the distinct 
])'‘rianth. Jii L(‘pyro(lia hermaplmxlifa the llo\\u*i’ lias six stamens, and 
the arrangement is typically iMonocolyledonons, the odd cell of the ovary 
anterior. — I’he s])ecie8 occur chidly in Australia and South Africa; one 
iicc.urs in ('’hili. The tougli Avirv stems have (U‘om>mic ns(*s, for hasket- 
inaking, thatching, Ikv. (lenera : Jirsfio, L.; Thantnoch<xinSy IJerg.; Zam- 
proc(ndoSy Alast.; WilUh^rioria, L. 


(TPl^illACTLi:. Sei)(;es. 

Cvli, Cilumales, Ihufh. <4 JLtok. 

Dlar/mm, — (rrass-like or rush-like herbs, \Aith fibrous roots and 
solid steins, closed tubular leaf-sheatbs, without ligules, aiul R])iked 
p u*foct or unisexual flovA'ers, one iu the axil of each of the glniiia- 
ceous imbricated bracts, destitute of any envelojies or with a 
tulmlar bract (figs. 184 So 48o), or with liypogynous bristles or 
scales in its place (fig. 18;i); stamens definite, liypogynous, 1-7 or 
JO or 12; anthers 2-celled; the 1 -celled ovary with a single erect 
anatropous ovule forming in fruit a utriculus cHmvainiiig a seed 
Avith a lenticular emliryo enclosed in the base of ])erisperm. 

TlLVST K ATIY E f J F. NEB A . 

Can^x, Mich. Isolepis, i?. Br. I Eriophorum, L, 

Kohresia, Willd. Scii*}>us, L. ; (^yperus, L. 

Schojnus, L. Eleocharis, R. Br | I’apynis, Willd. 

Cladium, R. Br. 
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Fig. 485 


Fig. 483. Flower of ^^Hophontm. Fig. 484. Female flower of Carex. 

Fig, 485. Section of the same, showing the ovary. 

Affinities, &c.~ Tliis Inrge Order of (iliiniaooous plants roseiublea in many 
respects the Orasw^s, hut lias several marked distinctive characters, viz. 
the tubular leaf-sheaths, the usually angular and solid stiniis, the general 
reduction of tht> llorul envelopes to a siugle bract or glume (2 additional 
glumes exist in Cair:v and sonic other gcmei’a, and liypogynous bristles or 
setje in Scirpun, Eriophonim, \c.), and tin* fact of tli(‘ embryo being 
enclosed ceiit^aily in tlic bast* of the perisperni of the setid. J^'rom Kesti- 
ace?e, some of which resemble Sedges in liabit, tli(‘y are distinguished by 
the erect seeds, by the ]-(V‘l]ed ovary being formed of 2 or .‘i carpels, anti 
by the leaf-sbeatlis not being slit. Tlie floral forinnla for tlie niah^ flower 

of Carex is A*.*, for the female flower (1 the bracket s indicating the bracts. 

Cladimn has a succulent fruit. The subdivisions of the Order depend on 
the distichous or imbricated bracts (glumes general or partial fertility, 
open or closf3d utricle, degree of development of perianth after flowering, 
presence or absence of staminodes, fonii of base of style, nature of fruit, Ac. 
The tubular bract of Carex^ sometimes called the utricle ” ( an objectionable 
term as it may be coiifu.s *d with the form of fruit so named), is, according 
to iMcNab and Dyer, a foliar organ, single, or pc'rbaps of two congenitally 
united, in whose axil the flower is produced. 

Distribution. — TTniversally diffused, e.specially in marshes and about 
running streams. Carex and Scirpm bi‘k)ng cdiiefly to cool climates, 
(.\t/penn<, Manxnus, and others to W’armer, while some appear ubiquitous. 
Scirpttn triqueter is found in b]urop<*, South America, and ^Vustralia. In a 
fossil state they are first recognized in the Lower Miocene. 

QualitieB and UBes. — 'Fhe plants of this Order are generally devoid of 
active properties, and are less nutritiou.s than the Grasses; but some have 
bitter and astringent properticis, wliile otbc.Ts are regarded as diaphoretics. 
Several of them have some economic value. I'be rhizomes oi Cypems 
lonym are astringent, those of C. roUmdus contain an aromatic oil ; the 
creeping stems of Carex hirta, armuria, and otbir species have bi‘en ua<.Hl 
as substitutes for Sarsaparilla. The rhizomes of Cyperm esculentfis, C, 
hn/bosuSf and some other plants of this ( )rdt^r, being tuberous and devoid 
of noxious properties, are used locally as articles of food. Papyrua anti- 
qtmrumf a tall Sedge, with a spongy pith, is celebrated as having furnished 
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the ancients with a kind of paper, made hy cutting tlie pitli into laminse, 
which were laid one upon another and pressed, therehy becoming glued 
together by their own sap. Its stem was, and is still, used for basket- 
making, mats, &c., like various Sdrpi &c. llie species of Eriophortim^ 
the Cotton-grasses of our moorlands, produce a ilocli: of cottony hairs 
around the fruit, soimdimes used for stiiliing cushions, Careiv arenaria 
(fig. 2«5, p. *>1) and V. inmrva^ growing on sandy sea-shores, are v(‘1t effi- 
cient in binding the shifting sand. 


G RA MIN ACfLE. G a assks. 

Coh. Glumales, livnih. cf Jlooh. 

])iar/}U),v .^. — Moiiocotvlodons (mostly herl)a('t‘Ous, rarely u'oody 
and arl)ores(‘enth nsnally with hollow stems, wiili solid joints at 
the nodes; leaves alteniate, distiehons, Avith tnbulnr sheatlis slit 
down on tlie side opposite the blade, and a JignJe^ (p. 51?, figs. 5b, 
50) at the base of the blade: the fruit grooved on one side, embryo 
outside the jxu’isjK'rm. 

Fig. 4s7. 



15g. 4S8. 



Fig' 4ft*'. Sj)iV:«‘l«*t of : o, o, ; ft, At^o%\«Tin^ or outor pal oa* of florets. 

Fifj. 487. Compound apike, with spiKolots, of Ixtlntm. 

Fig. 488. Floret of : ft, flowering glume ; ft*, awn; ft', palea. 


Character, 

Inflorescence spicate, the floAvers arranged in spikelets or locitsta‘, 
which are again aggregated in spikes, racemes, or panicles ; per- 
fect, or sometimes mon addons or polygamous. Spilrlets mostly 
with two alternate and unequal dry scaly bracts, called flumes, 



GLtJMrFLOE^. 


403 


forming a common involucre enclosing the florets (fig. 486) 
the outer glume sometimes absent. Flowers 2 or many, or rarely 
solitary with abortive rudiments of others, alternate on the 
rachis within the glumes, more or less overlapping from below, 
and each enclosed within the axil of a flowering glume (or outer 
palea, fig. 486, &), which is a bract often provided with an awn, 
and the palea (inner palea, fig. 488, h') which is two-nerved : 
the is represented by 2 or 3 hypogynous scales (lodimlcp., 

fig. 489, .r, x) sometimes wanting ; if 2 in number, collateral, if 



Floiv't wilh Howcring rmiovt* !: h. ))al«'a ; locliculr. 

I'l};. StMition «)f (inryo]>sis t»f Thtinun : a, fiuljSjKTrn ; b, «*.«ibryo. 

4i>l. Pistil of a (Irass, with foathery stifjtJias. 

Pi^. 492. Section of embryo of Aoendy the endospurm r<?inoved; a, I’adicle; h, ootjdedon ; 
c, }»hiimile. 

3, the odd one ])ostorior, distinct or united. Stamms hypogy- 
nous, 1-4, or 0 or mor(^ (usually 3, the odd one anterior), 1 op])o- 
site the flowtu'ing glume (alttnaiate with the 2 scales) ; filaments 
capillary; anthers versatile. Oeary superior, 1 -celled, wdth one 
ascend iiig ovule ; sit/ Us 2 or 3, rarely confluent ; slvfmas feathery 
or hairy (fig. 491). Fruit a caryopsis, with an inseparable peri- 
carp ; embryo lying on one side, at the base of farinaceous 
perisperm (figs. 49U, 492). 


I in.USTR ATIVK CtICTJKR A . 


Tribe 1. Paniceje. Spihelets at'- 
ticidafed chmdy below ihe lowest 
plume f 2-, t'ery rarely i)-^,owcrcd ; 
upper (flume always eontahnny the, 
7nost perfect and only fertile flower ; 
axis of spikcUt never produced be- 
yond the Jloweriny ylume ; Iodides 
never more than 2. 

Panicum, L, 

Setaria, X. 

Sorglnim, Pers. 

Aiidropogon, X. 

Coix, X. 


Tribe 2. Pualaride^:. Spike.^ 
lets articulated^ sometimes as in Pa- 
niceae, and sometimes at the base of 
the pedicels near the main axiSy »‘3- or 
apparently \-flowered ; outer empty 
yltnnes laterally compressed^ often 
united a* the basCy lonyer thmi the 
rest ; flowermy ylume, terminaly 
liamjy with 2 rudimentary ylunm 
below it ; otherioise as in Paniceae, 
Plialaris, X. 
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Tribe t3. PoACEiE. SptJielets 
visually articulated abate the lowest 
ylumCf 1- or many-fiawered ; lowest 
jlowermmUy perfect ^terminal flower 
very rarely more perfect than those 
below it ; axis of the spikelet almost 
invariahly terminated by an imper-- 
feet glumCy which is frequently 
duced to a small point or bristle. ; 
Iodides generally 2, sometimes 
stamens rarely 0; fruit al- 


shorter than the flowering 
glume. 

Agrostis, L, 

Stipa, X. 

Oryza, L. 

Avena, L. 

Festuca, X. 

Jb’onuis, L. 

Jiambiisa, X. 

Jlordeum, X. 

Trilicum, X. 


AfAnftlefl, &e. — Tlio tribes above meiitionod are those adopted by General 
Muiiro, the l(*adinp- authority on this immense and diflic.ult family. Tlie 
description of the Grass-inflorescence above ^iven is in accordance with 
the most modern views of botanists. According to tliis interpretation, 
the outer and inner glumes are iuvolucral bracts common to all the flowers 
<if the 8pik(*let, the oub^r palea or flowering glume is a bract in tlie axil of 
which the short axis hearing the flowtu* siuings. This short axis bears the 
inner palea or Vorblatt,’’ consisting pcTluips of two brncteoh^s united 
together. The p<‘riaiith consists of two Iodides placed collaterally, ; 
the andr<ecium is made up of 3 stamens, the odd one anterior, ; the 
gynaicium of two carpels. "Jlie entire llower, omitting the bractvS and 
])racteole8, may therefore be thus represent(Ml, P . . A ••• G • •. To harmonize 
this arrangement with thattypktal of Monocotyledons, viz. P A*.’ + 

G •.*, it must be assumed tliat throe outer parts of the ptriantb, one 
(posterior) part of tlie inner perianthial row, throe stamens of the inner 
row, and one (anterior) carj>el are su])pressed. Now in Streptochata spi^ 
eata, according to Thill, the ordinarily missing parts are present, and the 
Monocotyh'donoiis symmetry is restored, its floral formula being identical 
with that just given. In Bamboos and in Sfipa the third Iodide (pos- 
terior) is present. In diandrous Grasses {Anthoxanlhuni) the outer stamen 
is wanting; in most Grasses the inner petal (lodionla) is absent. The 
inner (double) pale is absent in Alopecw'us, l^amcuntj Sin. ; in Lolivm and 
Leptmm.s the outer glume is absent; in addition to which the few-flowered 
spikelets of very many genera contain abortive, unisexual, or neutral 
florets, consisting of rudimentary pales. The comparison of the typical 
floral structure of Monocotyledons, P3-}-3 A G 3, with that of 
Gnisses in general may be indicated by placing the numbers referring to the 

suppressed organs in italics, thus: — P-f-^ -fAS-f-t^GS. By Robert 

Brown and many others, the flowering glume and the inner palea were 
looked on as constituting three sepals of a calyx ; but the outer palea or 
flowering glume belongs to a different axis, is inserted lower down, and 
encircles the floral axis at the base, and the inner palea is abracteole. 

Link looked upon the hdkndee as analogous to tne scales in the throat 
of Narcissus, therefore apparently as representing the ligules of metamor- 
phosed Grass-leaves. The rernarkable awn which is produced on the 
flowering glume of many Grasses, more or less free from its lamina, is 
regarded by some authors us a barren development of the axis of the 
spikelet, which would make the inner pale the subtending bract of the 
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flower. And it has been considered that the occasional appearance of a 
flower on the upper part of the outer pale of monstrous flowers of the 
Nepal Barley {Ilordeum cvdeste) also indicates this glume to be a bract 
with an abortive floral axis adherent to it. The outer pale of viviparous 
Grasses (^. e. plants with the spikelets developing tufts of leaves) often 
appears as a rudimentary leaf with ligular processes at the junction of the 
vaginal and laminar regions, and thus as a simple leaf. 

The ligule has been considered an adnate stipule or pair of connate 
stipules ; it seems more simple to regard it as an exc^rescence from the 
upper part of the sheathing petiole. The cotyledon of Grasses is usually 
rather thick and applied to the perisperm. Many other explanations have 
been given, but this is tlie simplest and most in mjcordance with struc- 
ture and analogy. In Coix and some other Grasses, some portions of the 
spikelet or of the flower assume a bony character; at other times, as in 
some of the Bamboos, the parts of the flowers become succulent and 
berry-like. In Stn^ptaclu^Ja »picata and in Anornochloa marantoidm the 
flower is solitary and hjrminal. lu Ammochloa the Iodides are replaced 
by a row of librilim (Doll). 

The stems of Bambma have tlio liabit even of some Palmacofe, while 
the structure of th(^ seed approa{.'hes that ol‘ Aracea). Jiut the nearest 
allies, in both Iiabit and structure, arc? of course the Cypcrace,a.‘ ; 
distinctive mark between them, the hollow stem, suffers exception in 
Scwcharum and various Grasses of hot climates; thti creeping rhizomes 
of ordinary Grassi's are als(> comniouly solid. The supposed diversity of 
structuni of the stem of Gnisses from that of other Moiiocotylodoiis is 
imaginary ; their culms are simply fistular states of the structure existing 
in Tradescuntia virffinica^ which, like Grass-stems, roots freely at tlit^ 
nodes. The habit of the ( irass(‘,s familiar to us in Britain is uiiilbrmly 
lierbacoous ; but ISacchurmn and some southern forms, such as Arundo 
Donax\ Hpi'ctahile^ Fi^aUtctiJiahellalay &c., attain the dimensions at 

least of shrubs ; and Bamhiim is arborescent, having a woody stem 50 or 
00 feet or more in height. 

Distribution. — Constituting one of tluj largest natural Orders, the Grasses 
are universally distributed, aud in temperate climates appoiir in vast 
numbers of individuals, forming tinj principal mass of the verdure covering 
the surface of all but utterly barren soil. The great extent of tlunr cul- 
tivation is also remarkable, and still more the abs(mce of information as 
to the native countries of the Grain-grasses, which have been objects of 
arti tidal culture from beflne the imnuory t)f man. Ilye, Barley, aud Oats 
are the hardier grains ; Wheat is the chief grain of temperate and warm 
tempe.rate climates, being associated in the latter with Maize and Itice, 
which form the chief grains of the tropics, — JMaize more particularly in 
America, Kice in Asia, and both, locally, in Africa, Kice-growing being 
dependent upon the possibility of irrigation. Various Millets {Sortjhum, 
Fanicumj &c.) are largely grown in Africa and Asia, and to some extent 
in South Europe. The Grassas of warmer climates are more tufted aud 
less gregarious in growth, acquire greater stature, are sometimes arbores- 
cent, and very frequently present the monoecious or polygamous condition 
of the flowers. Grasses in a fossil state have been found in the Upper 
Eocene and subsequent formations. 

Qualities and Uses. — The main value of this Order rests upon the seeds 
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or more properly the fruits, especially of what are called the Cereal 
Crains,” pist referred to, and which in their abundant farinaceous peri- 
sperm, capable of ^p*eat iiriproveinent in quantity and quality under cultiva- 
tion, furnish the principal material for bread in most countries, except where 
the severe cold forbids their growth, or the fertile soil and favourable 
climate supply sullicient food with a less Inborious agriculture, as in the 
case of the Plantain, Bread-fruit, and other tropical esculents. The 
Sugar-Cane is anotlier grass of scarcely less value : and the fodder- Grasses 
are of immense importance as furinsliing food for domestic animals. A 
few of the Grasses have somewhat active properties. 

The principsl (Jorn-pljints an? : — Wheat, Tritkmn rulgare and many 
varieties (Spring Wheat is called T. cestivnm^ Autumn Wheat T. hihei'^ 
mini) ; T. SpeJta, Spelt; T. composi/nnt^ the IMuiiiniy or Egyptian Wheat, 
has compound spikes; Barley, llonhma dkticlmm^ with its varieties 
Hordeum mdgarv. ox Iiig) and II. he.X(idkhnni\ Oats, Avenn miiva 
and A. (Tartarian ()ats) ; live, ISecale cereah' Maize or Indian 

(Jori), Z('a Maya ; and Uice, Oryza aidioa. 

Among those less geiK'rally known are: — several ^fillets, such as Sctaria 
(p'nnanicu (German Millet); ISdaria italica (/Gvoia Kiuig,” East Indies); 
I^ankum frunimtacenm (‘^ Shamoola,’’ Deccan) ; Andropoyon Suryhinn 
(“ Durra’^) and A. aacchai'atum (“Shaloe,” East Indies) ; Panicuni milt- 
aamn (“ Warree, ’ East Indies); Tiniddaria apicata (‘‘ Bajree,” East 
Indies) ; I'aapaltmi c./f/c (^‘ J^hinduiiji,” West Africa) ; ]\m ahyaainim and 
Ilemine Tomam (‘^Telf” and Tocuswa,” Ahvssinifi) ; FAmaiw' Corocana 
(“ Natchnee,” Coroiuaiuhd) ; Zizania aqiwticaj Canada Ilice ; Fhalaris 
canariemi,% Canary S(‘ed, &c. &c. 

Among the most valuable fodder-Grasses of temperate climates are : — 
the Kye-grasses, LoHuni pcrmne^f iUdicnm., &c, ; Fhkum prntnm^ Fi'duca 
pratenaia, Vymmirua crisialas^ Aidhoxanihmn odorainm^ &c. Fanicum 
apvefaldley a hay-grass of llvazil, grows (i or 7 feet high; Anthiatiria 
anMralisis the Kangaroo” (trass of Australia ; Anihisiiria viliata iiuii 
Vynodon Dacfylon are esteemed Indian fodder-grasses; Tnpsacmn dac-- 
Gania-grass, in Mexico; (iym^riam aryndenm is the Pain])as- 
giusH ; and Fedaca jdabclloidca, the Tussac-grass of tlie Falkland Islands, 
is said to ho very nutritious. 

Sacchaium iifficinarnm is the Sugar-Cane; Sorghum mccharatnm and 
Oynerium sarcharoides (Brazil) likewise contain much sugar, ns does also 
Maize, before the grain is ripened. Many (brasses are fragrant ; the Sw^eet 
Vernal-grass of our meadow's, Antho.ranthum odoratum, is an example, 
the scent being most powerful in dried grass ; Ilierochhe borealis is 
another; and this quality is still more strongly developed in some East- 
ludian species, such as Andropogon cilratum (‘^ Lemou-gi'nss ”) and A. 
Ivarancmte^ A. Calanms-aromaticusj and A. muricaUmi (‘^ Vetivert 
of which the roots lu-e largely uted. This last Grass has stimulating 
properties; and another species, A. Nardus^ is called Ginger-grass, ’ 
from its pungr'ncy. Many others were formerly, or are still locally, 
esteemed as medicinal, such as: — Coix luehryma^ the hard grains of 
which are known hy the name of “ Job’s Tears ” ; the common Heeds, 
Fh'agmiies armidinacea, Cahmagrostis, Arimdo FoncLi'y Triticum repensy 
(Couch Grass or Quitch of faimei’s), &(*. The supposed poisonous pro- 
perty of Daniel (Lolium temulcntum) is not satisfactorily ascertained. 
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Among the (Irasses useful in manufactures are the Bamboo {Bamhum 
armdimcea)y the Reed {Animlo Phruf/mites^ A, DonaXj &c.). Coarse paper 
has long been made from the Bamboo in India, and recently from 's arious 
straws in this country. L}f(/eum spaHum is the Esparto Grass, much used 
as a coarse fibrous material, and also in the manufacture of paper. d'Jie 
Sand-grass(\‘«, Bh/mm avenanm, Armdo airnaria^ and similar creeping 
species, are valuable binding- weeds on shifting sandy shores, (irasses 
are remarkable for the (piantity of silex existing in the epidfjrmis; and 
in the Bamboo a solid siliceous substance, called Tubasheer, collects in 
the hollow joints above the nodes. Many species are cultivated for the 
tdeganco of their flowers or their foliage, smdi as Aruiuh DonaXy various 
species of Bambiiwc, (fymnum (the Pamj'as Grass), i^c. 
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SUHKTNGBOM H. CEYPTOGAMIA, or PLOWEELESS PLAOTS^. 

GENERAL MOKPIIOLOGY. 

Introductory Eemarks. — The division of theA'egetable Kingdom 
into Phjinerogamia and CWptogarnia is based on the mode of re- 
production. It has been seen that in th<? l^lianerogamia the plant 
accomplishes this by the formation of a ued of which the essential 
part is the ('mbryo. .In tlie Cryptogams, ihough the processes by 
which it is arrived at diftc'r widely among themselves, it will yet be 
found that rcjiroduction is bound u]) invarialdy with the formation of 
,y) 0 trs destitule ot an mnbrvo, and often consisting of simple cells. 
A1 the same time there exists throughout the whole Vegetable 
Kingdom, in Phanerogams and Cryptogams alike, another mode ot 
reproduction called vecjetatlve, which is entirely independent ot* 
sexuality, and which usually consists in the mere separation of a 
part of the mother plant. 

The Cryptogamia are divided into two great groups characterized 
by ditference in the structure of their ’S'egetative organs. Th(^ 
higher group, calhHl CortHo^dif/ta, composed of the Perns and 
their allies with the Mosses and tlunr alli(‘s, resemble the PhaneiT)- 
gams in the possession of tin axis or stem bearing leaves. The 
lower group, or ThallopJijfia, comprising tin* Algae, Eungi, and 
Lichens, presents in it s vegetative structure no clearly marked 
distinction between root, stem, and leaf ; the plant is composed of 
a thallya^ formed by simple cellular tissue, sometimes iii its shape 
resembling a leaf, sometimes a stem, and sometimes a root. Thci 
simplest ])laiits of this class consist o£ single cells. Although in 
general the distinction between Cormopbyte and Thallopbyte is 
(^asily recognized, certain families on both sides possess so close an 
athnity to each other, that no sharp line of demarcation can be 
drawn between them. A similar difliculty is experienced on the 
lower frontier — the much disputed borderland between the Animal 
and Vegetable Kingdoms. 

Cormopliytay or Cormophytal Cryptogams. — The Cormophyta, 
as already mentioned, consist of tlie Perns and their allies, 

[* Tlie sections relating to <he Cryptogamia have been revised and in part 
j*ewritten by Mr. Gt?!orge Murray, of tlie Botanical Department, Britisli 
Museum. Although, for uniformity’s sake, the account of the Cryptogams is 
given in this place, yet the student will be unable to underst^ind the anatomy 
and physiology of these plants without having previously mastered the contents 
of the subsequent sections relating to Anatomy and Physiology. — En.] 
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with the Mosses and their allies. These two groups are distin- 
guished from each other by the structure of their tissues. The 
i erns and their allies possess a well-developed vascular system, 
and under the name of Vascular Cryptoijams are arranged the 
Equisetaceo’^ Filices^ Lycopodiacetr, JSelayinellacece, and lihizooarpete^ 
The Mosses and their allies the Hepaticm (forming the class called 
the Ma^vimo^) possess no true vascular system, though the tissues 
in the stems of Mosses have the character of vascular bundles of 
the most rudimentary kind. h\ neither Mosses nor llepatics do 
true roots, in a morphological s(mse, occur, though they possess 
organs (root-hairs) which discharge similar functions. In spite of 
these defects in structure, the Mosses must still be looked upon as 
standing higher in the scale, from an anatomical point of view, 
than such Phanerogams as the Lemnamr^ which have neither true 
stem nor true root. 

Sexual and Asexual Stages. — In their life -history Vascular 
Cryptogams pass through two morphologically and physiologically 
distinct generations — a sexual and an asexual ; and this holds true 
of all Cormophytal Cryptogams. The spore is borne in various 
ways in dih'erent families ; in the familiar case of herns it is borne 
in capsules or sporanyia usually on the bacrk of the frond. When 
it germinates, it produces a thalloid layer of ctdls called the pro- 
thatlmm^ and it is on this that the sc^xual organs are formed. The 
prothalliuni contains much chlorophyll, and forms numerous root- 
hairs. It is soon in a position to nourish itself, and by-and-by 
produces the male {antkervlia) and female organs (archeyonia) 
(see lig. 49ii). The antheridia give rise to s])ermatozoids, whi<rh 
fertilize the archegonia. This is the sexual yeueratiou. 

Out of the archegonium springs the asexual, leaf-bearing gene- 
ration, which, in comnion language, is usually called a Peru, a 
Horsetail {E<ptisetatu), &c. It bears the spores, as described, and 
these in their turn again prodin^e the sexual generation (prothal- 
liuiri), and thus the life-history procc'eds in alternate sexual and 
asexual generations. The asexual plants possess a true vascular 
system, diiferiiig iu details from that of Phanerogams ; and a more 
special description of their structure will be found undt*,rthe head- 
ings to which they are referred. Their apical growth usually pro- 
ceeds from a single terminal cell. A remarkable exception to the 
rule of alternation of generations is found in the reproduction of 
Fteris cretica, Mr. Fariow * discovered that no female organs are 
formed on the prothalliuni of this Fern, though the male organs 
attain full development and produce sperrnatozoids. The leaf- 
bearing generation springs from the prothallium in a purely vege- 

* ‘‘ Ueber uiigoschlechtUche Keiinpflanzcn an Fam-Prothallien,” Botaniache 
Zeitung, 1874. 
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tative manner. This important discovery, however, cannot alter 
our views on the alternation of generation in Vascular Cryptogams, 


Fig. m. 



KepvotlucUon of Ferns: ft, spore {jerminating ; more advuneefl (ma^ju. '>0 cliam.) ; c, ftill- 

{fr own jn'otluilliimi, with areliemniia (It)vver surfftee); d, veitieiil st'etion of the central 
region i>f a protltulHniu, jniHHing through an urehegor.ivini and two antheridia; e, two 
atiiheridiit. (side vi(»w); uritiieridin seen frtnu above; //, antheridiurn burst (side view); 
A, sperni-eell from antheridiurn; i, apermatoisoid eseaping from sperm-cell (magn. «iU0 
dittin.) ; k, front vit>w' of a sii«M-mato7.oid : I, vt riienl section of a young archegoniuni ; 
tit, more advanced; a, still old(>r, with tin; canal o]-eii and an embryonal ooqtUHele in 
the sae (inagii. U>0 diani.); o, view of the mouth of an arehegonium, from above; p, 
vertical aeetron of an ai(;h«*gonium with the miibryo in course of development in the 
sac; q, the same, more advaneed (less magnified) * r, vertical section of young plant, 
more advanced, with a fragment of the prothallium (mngii. oO diam.); ft, t, young 
plants of Pfvrift acmiloia, with their first and second leaves and adventitious rooti 
still connected with tlieir prothallia. 

for siu'h an exception cannot, from its abortive nature, destroy the 
rule. 

In the Musciuece the alternation of generations is similar to that 
in Vascular Cryptogams. Out of the germinating spore (in all 
Mosses and in some comes a Proionetmi of a thread-like 

structure, on which the sexual organs are formed, or (as in 
most Jli'jMiticce) the sexual generation is (lir(?ctly developed. It 
is worthy of notice that recently l)rs, Pringsheim and 8tahl have 
succeeded in bringing about an artificial production of the Proto- 
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whieli they caused to spring from certain parts of the asexual 
plant. This discovery stands in much the same relation to the 
alternation of generations in the Mu.^cmem as the discovery of Mr. 
Farlow does to that of Vascular Cryptogams. There are, besides, 
ditferent inodes of vegetative reproduction in Mosses, the principal 
of which are by gcynmit and by stolons, 

Thallophyta. — We now come to the lower Cryptogams called 
under which name are compiehendcd the AIga\ 
i^'ungi, and Lichens. The vegt‘tatiie structure is in the great er 
number of cases a simj^le one, since the plant nsiially consists of 
a thailus in which no distinction bet\^cell root, stem, or leaf exists. 
The class includes organisms, however, of niclely dilTerent degrees 
of de^ elopment. The lowest forms aie composed of one cell, and 
often bear so strong a resemblance to the minute animals called 
Infusoria, that it is only in recent timers that a satisfactory division 
has been established. By almost imperceptible gradations we rise 
to the highest representative's, in which indications of those forms 
cm]l(?d leaf and stem appear and an uncloubtc'd clilferentiation of 
tissues exists. TliC functions of a root, vchen such are necessary, 
are performed by root-hairs, and by a kind of sucker called a 
haustorium in those plants which live by parasitism. The class, from 
its comprehensive nature, iiicluch s an extraordinary numbcT of 
forms, N^hich can, however, usually be distinguished into a com- 
paratively small number of groups. In tlieir life-history Thallo- 
phyta cannot be brought iiiicler ojie gmieial rule, as in the c ase of 
the Cormophyta. lu many casc's a simple alku’mition of gemera- 
tioiis is the rule, while in others several gejierations form a life- 
cycle, links (d‘ whicrh may, under cireuinstauces, be omitted ; but this 
is the exception, in the Undituo’, for instance, three generations 
form the life-cycle of the plant. 

Eukgi. — I n the Fungi the vegetative body consists, with the 
cnxceptiou of several doubtful cases, of tiiiform, more or less 
branched liyjolue or threads. In many instances the thread is one 
long, densely ramifying, bladder-like cell ; but in most cases it 
consists of a series cd cells placed on end with dichotomous or 
lateral branches. Of such cells the large bodies of our familiar 
Fungi, as well as those of the minute species, are composed. The 
cohesion of the is usually effected by their being densely 
interwoven in various ways in the different plants. It must, how- 
ever, be mentioned that exceptions to this very general condition 
of things exist. There is found in the stalks of the Phalloidm, 
in the pileus of liussula, Lactarius, in Sderotia, and in the 
peridia of the Lycoj^erdacece a kind of tissue bearing a resem- 
blance to the pareuchyme of the higher plants ; but this resemblance 
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is slight, ar»cl it has been found necessary to adopt for it the 
term pseudo-parenchyine. The structure and growth of the fungal 
cell agree in essential points with those of the vegetable cell as it 
occurs elsewhere. In the numerous 1^'ungi w'hich develop rapidly 
and have a short existence in the adult state, the cell-wall is thin, 
tender, and structureless. The possession of a thick cell-wall of a 
homogeneous, luistratitied nature is Jioi uncommon. Cases also 
occur (in the PolyporA^ Thelephora^ Bovista, Gmster^ Tulostomu^ 
&c.) in which, by the aid of sulphuric acid, solution of potash, or of 
Schultz’s mixture, a ceil- wall of two or more coats is found, but 
in certain instances simple immersion in water is sufficient to show 
a beautiful stratitication. From the differences in chemical reaction 
the cell -membrane of Fungi cannot be called true cellulose, and it 
has therefore received the spetual name of fum/al cellulose. The 
protoplasm differs from that of the higher plants in the constant 
absence of chlorophyll and of a nucleus. l)rops of oil and other 
bodies have occasionally Ix^en taken for nuclei, by Schacht, for ex- 
ample, who also described nuclei of sueh inlinite minuteness that 
they (iOLild not be acc(‘pted. In the formation of vacuoles and tffi^ 
possession of fatty oils, both forms of protoplasm agree. Htarcli 
and cliloroj)hyll are always absent, but pigments of various colours 
occur plentifully. Crystals of calcium oxalate are to be met with 
in the intercellular spaces of many Fungi, but in only two cases 
have they been found in the interior of the cell {llmsula adusta 
and Phallus catiinus). Cell-division takes place in the same way 
as in the other ])lant8. 

The reproduction of Fungi is effected by both sexual and asexual 
means, and thti organs by which this is accomplished are in both 
cases simple cells. IVo one species is known to possess more than 
one method of sexual reproduction, though various asexual iiiethods 
are known to occur in the same species. Iffie organs are called by 
different names in the ditt'creut groups, and a description of them 
will be found under those divisions to which they an) peculiar. 

Spores. — The term spore is used to signify a reproductive body 
in a general sense, and for the mother cells from which the spores 
are developed the word sporangium is employed. It must be men- 
tioned that, from the very varied modes of reproduction w'hich are 
met with, a great number of special terms have been proposed in 
the use of which a certain amount of confusion for some time 
existed. The spore may be enclosed by one or more coats of dif- 
ferent degrees of thickness and density. When it germinates, a 
tube called a gertn-tuhe is emitted, which conducts itself in different 
ways according to its species. The spore in some instances bursts 
and produces a number of ciliated spores called swarmr-spores or 
zoospores^ which also behave in different ways. The germination of 
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the spore is sometimes introduced by division of the spore by septa. 
The body immediately resulting from germination is called the 
mifcelium, and usually ramifies very densely. To it belong the 
functions of gathering and storing nutriment. From the myce- 
lium there springs the recepUiculum^ on which the reproductive 
organs are situated. The receptaculum is, e.ij. in the case of the 
common Mushroom, that part vulgarly considered the u hole body, 
and it is subject to many variations in shape. 

The low'est forms of Fungoid life are to be found in the Mi/xo- 
wycetes. In many characters, such as the formation of spores, they 
agree with the Fungi ; but in others they are so far removed tliat 
ihe tendency is to ally them witli such animal bodies as Amosha, 
The plasrnodmm (wliich corresponds to the thallus of the true 
Fungi) is of a slimy or creamy appearance, and viewed with the 
microscope it reveals a number of ajiastomosing, net-Jike channels 
which may be compared in function to arteries and veins, and along 
which there courses an ever-streaming current of ])i*otoplasmic 
matter, bearing such foreign bodices as spores of fungi, starch gra- 
jiules, particles of coloiiring-inatter of dilfenmt natures, &c. These 
channels are not confined by a definite membrane, so that a constant 
changing of ]>osition and direction is permitted, and this to such 
an extent that the idasmodia of different s])ecieH Inive been seen to 
unite. By-and-hy a state of rest is attained, and a capsule or 
sporangium containing s])ores is formed, which rej)ro(luce the or- 
ganism in a truly fungal manner. Their nourishment takes place 
in much the same nianm^r as in the case ol‘ the animal Anur^ha, To 
Professor de Bary belongs the honour of luiviiig worked out their 
wonderful life-history. 

Lichens. — Until very recently the Lichens were thought to oc- 
cupy a position in the Vegetable Kingdom equal in importance to 
that held by the Fungi and Algm ; but from the more intimate 
knowledge of their structure and life-history, obtained through the 
reseandjes of Schwendener, De iJary, Htahl, f^ormjt, and others, it 
is necessary now to regard them as only an order of the great group 
of Fungi called Amomyceies, The thallus and fructification are 
without doubt identical with those of the A^cmaycetes ; but there 
enters into the composition of the Lichen another important factor 
in the form of minute alga) on which the fungal hyphse lead a life 
of parasitism. The case may be shortly stated thus ; — The green 
parts of the Lichen, called gonidia^ are minute algm, which gather 
nourishment in a perfectly normal manner. The hyphse of the 
fungal parasite extract this nourishment for their own use, and 
the balance of supply and demand is so preserved that both para- 
site and host continue to consort through life in a harmonious 
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manner. The gonidia (algoe) must be looked upon as independent 
organisms, imprisoned and forced to serve the double purpose of 
providing for themselves and their parasites. At the same time 
they reproduce their own species. Their specific identity with 
members of the genera Plcurocoenta^ JVsstor, &c. is well established. 
The parasites, on the other hand, are true ascomycetous Fungi, 
reproducing themselves in a strictly ascornycetoiis manner, and, 
instead of living on tissues which soojier or later succumb to their 
demands, ha^^e selected hosts otforing the greater advantage of 
persistent life. OP the two com])onentH the Fungus is the superior 
l)Ot;h in bulk and nature, and it is for this reason that the Lichens 
must be classed as Ascoinycrtes!, 

}a:. — B y (^xchiding Lichens, as a Family, the division of the 
Tliallopbyta is nnliiced to that of Fungi and Algae. The Algae 
may bo said to fonn a ])arallel ]''ainily to the ]<kingi. The same 
gradation from iiKunhers which consist of a single cell to higher 
forms, the thallns of w hich ])osscsse8 a strucUire of a mor(‘ com- 
plicated nature, exists, and the* morphological characters rising with 
equal step ]>resent strong marks of similarity w'ith the parallel 
Family. .It has lieen said ihat Algtc ar(^ Tliallophytes containing 
chlorophyll, and Fungi are Thallophyles in which it is (ibsemt ; but 
this classilication is arbitrary and otherwise objectionable as based 
on subjective (dmracters. 

The thallns of the liighor Algoe ivsnnhles that of the higher 
Fungi. Its hislological ]).?criliarities are not markedly different 
from those of tlie Iknigi. It consists usually of ])seudo-parenchyine ; 
and in some instanc{*s a seeming diffcrenliation of tissue into epi- 
dermis and fundaineiital tissue is exhibited, though the so-called 
e])idermis must ])e regarded as only analogous to true epidermis. 
The cell-walls consist of an unlignified cellulose, which shows a 
blue colour on tbo a])])licatioii of iodine and sulphuric acid. Many 
Algno are env(dopod in a gelatinous substance, wdiich is produced 
by a process of degradation of the cell- wall. Others again, owing 
to the deposition of calcium carlmnate in the cell-wall or itvS excre- 
tion into the intercellular spaces, attain a calcareous structure, as 
ill Oorallina, The gelatinous substance serves as a means of fixing 
the pkant to its station, and the calcareous or silicate coats form a 
valuable protection. It has been stated that the cells possess a 
nucleus ; but this is not well established. Starch occurs frequently, 
and chlorophyll, sometimes covered by pigments of various colours 
(which can easily be removed by cold distilled water), is constantly 
jiresent. The algal cell, from the possession of these substances, 
stands individ«ially much nearer the ideal perfect vegetable cell 
than the fungal cell ; and the reason is apparent ; for, w^hereas the 
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algal cell obtains, as a rule, its nourish uieut- in a legitimate, indepen- 
dent way, the fungal cell extracts it after a more or less parasitic, 
manner. A parasitic life, however, is not uncommon among the 
Algje. The large Alga> (such as Focus) often attain colossal di- 
mensions and a tree-like form, while the tilarnentous j)Iant.s form 
wavy masses sometimes of considerable length. Tliose Alga) which 
consist of single cells sometimes ])()ssess the power of motion by 
fine cilifP (as in the animal JufosDria)^ while sometimes they form 
colonies cohering by tlie gelatinous substance just meutioued. The 
reproduction of Algm is effected by both sexual and asexual means ; 
and these processes bear often a striking resemblance to those 
which oecur in the Fungi. The asexual means consists usually in 
the separatio]! of some merely vegetative ])art from the mother 
l^jlant and in the detachment- of (jnmmr, Li the sc^xual re])ro(lue- 
tion a Aariety of j)roces8es obtain which will be described wlieu the 
families in A^ hicli they occur are treated of. 

The Order Cjiabace^^ forms a link of connexion b(‘tw^een the 
Alga) and the CorJiiophyta, while on the lower frontier such 
organisms as Bacteria unite the lowest ))lants with the lowest 
animals. 


11. CRYPTOGAMIA, or PLOWERLESS PLANTS. 

Plants reproduced by s])(>res destitute of an (unbryo. 

Class 1, COKMOPIIYTA. 

Crypt ogamous plants usually provided with stems, leaves, and 
roots, or tfieir morphological equivalents. 

Under this head is nssociuted a miniher of vegetable forms which are 
closely allied to the PhanerogaTiis in the details of their vege.tative struc- 
ture, hut which are separated from them in the processes of t heir sexual 
reproduction. Even in their reproduction there is to he observed a degree 
of similarity with the Cyninosperras (a group of Plianerogams), though 
this is of so remf)te a character and so diilereiit in the steps hy which the 
point of similarity is reached that near afFinily cannot he asserted of 
them. On the other hand, the vegetative oigans are morphologically and 
physiologically of similar value in Cormopliytal Cryptogams and Phane- 
rogams. Just as we liave in Plianerogams a scale of degrees in the deve- 
lopment of the vegetative body, extending from the morpljologically pc^rfect 
down to the cellular plant, in which leaves, stems, and root are repre- 
sented by a flat thalloid formation (Lmmaceee)^ so we have in the Coraio- 
phytal Cryptogams a similar scale, in which the degrees are perhaps 
more strongly marked. In the Cormophytal CiTptogams the Ftlices re- 
present the highest degree in the scale, with stem, root, and leaf perlinps 
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iTioTe hiprbly de.veloped than in any other member of the Vegetable King- 
dom. Passing over tlie loss sharply marked degrees in the scale, repre- 
sented by other Vascular Cryptogams, we come to the Mosses, in which, 
though stems and leaves are present, we lose sight of the true root, the 
place of which, however, is supplied by organs of corresponding physiolo- 
gical value. In the sterns and ie{iveH,*too, we no longer find the relations 
so perfect, since there is no porffictly organized vascular tissue, but only 
an indication of it. The anatomical structure of the liepaiiocB is com- 
paratively still lower in the sc^le, and approaches that of the Thallo- 
phytes more nearly than any oth«*r (’orinophyte. The life-history of 
Cormophytal Cryptogams consists of two distinct generations — asexual 
alternating with an asexual one. 


-Division 1. Vascularia. 


Corinoj)hytaI Cryptogams possessing vascular tissue. 


7'he Vascular (h’yptogains consist of thc! J^qmfieiacv<T<^ tlie the 

jAjvopodUwvce y the Srlaf/itwllarcff, and tlic Mizocarpf oi. 77)eir life-histi>ry 
is composed of two alt(‘riiatirig generations — an asexual and a sexual. 
The asexual generation is that in winch the plants are coniinonly seen and 
known, and during which they attain the highest point of development in 
their V(*geta1ive structure. Tlu^y ])ossess in tliis stage both cellular and 
vascular tissues, orgiiuizcni in some (^ises (the Fi/urs) on perhaps the most 
j)erf€*ct system posse^^se.d by any known vegetable. »Short]y stated, their 
life-history begins with the geriuinalion of an asoxually ])roduced spore, 
which gives rise to a prolliallium (usually a mere layer of simple cells 
so organized as to sustain an independent life), on which are borne 
(mthendia (male organs) or arcJiq/oma (feunile oi'gans). I'lie antheridia 
produce antherozoida or spcrmatozdida^ as they are difTtu'ently named, which 
fertilize the artdiegonia out of which tlie asexual spore-bearing generation 
springs (s(h> tig. p. 410). 

TbcA’ascular Ciyptogams are divided into live Orders as follows: — 


Equisi’tacefo. 
Filices. ^ 

i jycopodiacem. 
oeiagineiiaceu;. f 
Uhizocarpeje. j 


Spores of one kind. 
Spores of two kinds. 


Series I. Isos port a. 

Vascular Ory])togams producing spores of one kind only. Pro- 
thallium growing free from the spore and producing antheridia and 
arehegoiiia. 

EQUISETACE^. The Horse-tail Order. 

Diagnosis, — Ase,runl Generation : Herbaceous plants with jointed, 
subterraneous rhi/A)mef;; sending up at intervals fistular-jointed 
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stems, bearing whorls of scale-like leaves at the joints, where tliey 
are sometimes verticillately branched. Spores borne on metamor- 
phosed leaf-bearing stems, terminating in a clavate joint covered 
with dehiscent sporanges. 8pores triple-coated, of one kind, with 
two elastic filaments called elaters, formed by the spiral fission of 
the outer coat of the spore. 8tem, rhizome, and root grow longi- 
tudinally by means of a single apical cell, giving off three series of 
segments. Fibro-vascultu* bundles arranged in a circle. No ])eri- 
cambium in the root. Se^vual Generation : arising from the spores, 
consisting of independently subsisting, usually dicccious ])rothallia, 
tlie male prothallia being smaller than the female. — Illustrative 
Genus : JfJ<piiseium, L. 


Structure and Life-history. — The 

Equisetacejc at present existing con- 
sist of a single genus, Equhetwn^ a small 
gToup of herbaceous plants, growing 
chiefly in wet places, with a creeping, 
subterraneous, jointed but solid rhizome 
( fig. 494, a), from which arise orc^ct shoots 
or stems. The stems an*, striated lon- 
gitudinally, jointed at intervals, wnlh 
circlevS of small and u;i.itow, membra- 
nous, scale-like leaves at the nodes, and 
they are listular like tln^ sUmis of 
Grasses. They are also traversed by 
several air-canals, varying in number 
and disposition according to the species. 

The stems are sometimes simjde, some- 
times compound, Ixiaring wliorls of 
branches at tlui nnd(ss, which bnmehes 
resemble the main stem in cliaracter, 
and frequently branch again in a similar 
manner at tlieir nodi^s. The erect 
stems are ciitlier fertile or barren (im^ta- 
morphosed or true) ; in some species the 
fertile stems are short and simple, while 
the barren stems are tall and provi<led 
with numerous whorls of spreading 
compound branches Jluriatile). The 
fertile stems terminate in a kind of club 
or spike (fig. 404, 6), composed of a 
short axis closely covered with sf)o- 
ranges (c) ; these are small peltate or 
mu3hroom-.shaped bodies {d) attached 
by their stalks to the central axis, and 
bearing under the overhanging head a 
circle of vertical, tooth-like pouches {d)j 
resembling the anthei^ells of Thuja among Conifers, which hurst by 
a vertical slit on the inside to emit the spores when ripe. The spores 

2e 



Organization of Equisetaccaer—a, fer- 
tile Btfin of F.guidefum arveime, arimng 
from the rhizome; 6, fruit-apike (nat. 
size); c, transverse section of do., 
showing how the sporanges are at- 
tached to the axis; d, a group of 
sporanges setm from beneath ; e, a 
spore the same, with its “ elaters ” 
uncoiled ; g, fragment of the branched 
stem of F. pahmtre. 
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are furnished with filiform processes, called eUiters (fig. 494,/), consisting 
of two short threads attached at one side, coiled spirally round the spore 
before it is mature, and unwinding with elasticity when the spore is 
discharged from the sporange. The erect steins die down annually, 
while the rhizome persists. 

The asexually produced spore of the Equisetaceas contains a nucleus and 
chlorophyll granuh^s, and it is, perhap.s, owing to this high state of internal 
organization that its powers of germination are retained for only a few 
days at the most. The first sign of germination is an enlargement 
of the spore and the assumption of a pear-like form, during which it 
divides into two cells ; the smaller, possessing almost colourless con- 
tents, gi’ows out in the form of a long root-hair, and the other, contain- 
ing the chlorophyll of the spore, by rt‘peated cell-division ultimately pro- 
duces the ■[)rothallium. The prothallia of the I'kjuiselaccc'e are small, fiat, 
thalloid (as their name impliti.s), chlorophyll-containing bodies consisting, 
in some parts, of several layers of colls, and supplied with irregular arm- 
like lobtis. ( )n tho prothallia, which are UrtUally di(ocioiis, are to be found 
the sexual organs — antheridia or archegoiiia as the case may be. The 
undo prothallia arc usually a Itw millimolres lung, and tlie female often 
as much us half an inch ; but, although individual in the njinor details of 
form, difierent species are disting iiisiie* I by difierencos in breadth, length, 
and the nature of their branching. The antheridia, or male organs, are 
])roduced at the end of the large and between two smaller secondary lobes 
of the male prothallia. l^hey contain upwards of lUO large spermatozoids 
(the largest produced by any Cryptogam), wliich on being set free swim 
about in the water, without tho ])rcsenco of whicli they cannot he emitted. 
'I'he archegonia, or fiuiuile organs, arista at tlie base of the lobes of the 
female prothallia, and consist each of a few' cells so arranged as to form a 
(jaiial leading to an embryonic cell in tho ce.ntn' of the other cells of the 
arcliegoniuiii. Tlu^ c*(uitral embryonic cell is fertilized by a spermatozoid 
thrcnigli th(} conductive agency of the canal. Immediately after fertiliza- 
tion the canal cells close, and the embryonic cell begins to increase in size, 
and the cells of the neighbouring tissue undergo a corresponding incivase 
in number. By-and-hy the embryonic cell also divides; and after the 
division lias been often repeated, we begin to see difibrtmtiatioii in the cells, 
which is the result of this process. The growth proceeds by an apical 
cell, and a leaf-hearing slioot witli a rhizome and root is soon to be seen 
and recognized as a young l^tpmetum as it is commonly to he found. 
AVben the Eqtimitmn has attained maturity, tin* asexual spores (from 
whicli w o started) are again borne on the erect metamorphosed stem, and 
so the life-history proceeds in the alternating sexual and asexual gene- 
rations. 

Affinities, &c. — The well-known fossil Calamites resemble in a very stiiking 
degree the existing representative of Equisetmn^ not only in the tissiw^s of 
the vegetative body, hut even in tho possession of elaters in the fructifi- 
cation. The plants of this Order at present existing belong all to a single 
genus, which is very unlike any other form of Crypti gamous plants. In 
external appearance the stems have no little resemblance to those of 
Ephedra and Cai^varma ; but their internal organization is totally difierent. 
'fhey resemble the Grasses in having a deposit of silex in the epidermal 
tissues of fistular erect stems, in E, hyemide so abundant that the ashes of 
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tilts 8teni form a prood polishiiipr-powder, like fine tripoli. In their life- 
history these plants apfi-ee essentially witli the Ferns. 

Distribution. — The Eqiiisetacefo are found in wet places in most parts 
of the jTlohe. Calami tes and other plants referable to this g;roiip occur in 
the Carboniferous and other rocks. 


FILICES. Ferns. 

DicKfmm, — Asexual Oeneralioni Herbs with a subterraTieous 
rhizome, or trees with an unbraiiched eaudex, wiili well-developed, 
generally more or less divided or eoinpound leaves, circiiiate in 
vernation, and all or part bearing clusters of sporanges (xor/) upon 
the lower surface (fig. 495, «, />, d) or at margins (r/), seated 
upon branches of the veins. The sorl are either naked (^>) or 
covered at first by a variously formed dehiscent or separating mem- 
branous structure (indjisitnUy d, t') which is couiinuous with the 
epid( 3 rmis of the leaf. The sporangia are rnetamorpliosod hairs, 
and the leaves which bear them are sometimes also iheinselvi^s 
metamorphosed. An aphial cell is not alwa>\s present, but where 
it occurs it gives off, iu the stem, either two or throi^ series, and in 
the root always three siuues of segineuts. The vascular huiidlos 
are very strongly developed, and tlu^ ctmtrai xylem, composed 
chiefly of scalariform, thickened tracheides, is siirrouiulul by weak 
phloem. The >^exaal (uaienUion^ arising from the spores, consists 
of independently subsisting moncecious prof juillia. 


I LLtrSTU ATI VK ( i KN KU A. 


Tribe!. PoLYi’onTCA^. Sporarif/cH 
Htidked, xciih a vertical amiulm. 
Acrostichum, L. 

Desv. 

Cetevaeli, Adana. 
Pelypediiim, L. 

Adiantum, L, 

Pteris, L. 

Allosonia, Bernh. 

Itlecliuiim, L. 

Asplenium, L. 

Scolependri um, Smith. 
Lastrjca, Vrad. 

Aspidium, Swartz. 
Cystopteris^ Bernh. 

Tribe 2. Sporanyea 

sessiley more or less elevated on. a 
common receptacle: anmdm vertical. 

Alsophila, R. Br. 

Cyathea, Smith. 


Tribe .‘h Parkkiukao. Sporanyes 
thin, with a broad, imperfect, vertical 
annulus. 

( /crati >])teris, Bronyti. 

1 Lu keria, Jlook. 

Tribe 4 IIymenophyleeas. Spo- 
ranyes on an axis produced by the 
excurrence of a vein beyond the mar^ 
yin of the leaf ; annulus horizontal 
I or oblique, 

I rrviu 'nnphvllum, Smith. 

Tricliomanes, L. 

I Trilx^ 5. 

* ; comnumly arranyed in fours 

in the dorsal sori, nearly sessile, 
xvith a transverse or oblique anmdus; 

, hurstiny vertically on the inside. 
j Chdehenia, Smith. 

j Merteii.'iia, Willd. 
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Tribe 0. Sciiizjee^. Sporarif/cs 
dursai; the annulm in the form of 
a cap on the summit; dehiscence 
vertical. 

►Schizaja, Smith. 

L}'g-odiiim, Sumrtz. 

Tribe 7. O.sMUNDE^i. Sporanges 
stalked, dorsal, or arranged on pinnce 
assaming a spiked or pan imlate aspect 
from the ahse7iee of parenchgina he- ! 
tweeii the cei^is ; anmdas incomjtlrte, ! 
dorsal ; dehiscence across the vei tex. | 
OsiDunda, 

I'odoa, Wind. 


Tribe 8. Marattieje. Sporanges 
free, closely jmched in two rows or in 
a circle, or solde^'ed together so as to 
resemble a many-celled capstde, each 
cell opening by a pore ; annulus norw. 

Arigiopterifl, Iloffm. 

Marattia, Sm. 

Daurea, Sin. 

Tribe 0. Oj'irroGLOSSEuE. Leaves 
not eireinate ; sporanges 2-valred, on 
the sides of a spike or scape, ivhieh is 
simple or branched ; annulus none. 

()])hiop-lopiSiim, L. 

Botrycliiuin, Swartz. 


Structure and Life-history. — The Filices or Ferns exhibit a far j^reater 
varie^ty of eonditioiis tjiaii llie liorsetails. Their most remarkaWe 
charac-t(‘r is tJie j^reat dov«do])meiil. of the leaves, the stein b(‘iupr repiH^- 
sented in most cases by rhizomes, althou<>:h in some of Iht^ exotic forms it 
becomes a real trunk, rising above the ground in a manner antilogous to 
the trunks of Palms (tig. ;»4, p. .‘IH). 

The rhizomes of the herhaceous kinds are subterranean, and grow 
either horizontally or vertically. In the former the iuternodes are either 
developtid or undeveloped ; when they are developed, the leaves arise 
singly from the ground, as in the common Jlrake-fern {Tteris) and Poly^ 
podium rulyare (tig. 4i)/5, ; when the inlernodes are undeveloped, the 

leaves are tufted, which is always the case when the rhizome is erect, as 
in Afhyrinm Filiv-famvna ; and the arboresi'ent kinds likewise exhibit 
the tufted growt h of the leaves from a terminal bud, with little develop- 
ment of the iuternodes. 44ie rliizoiuatous stems frequently branch, m 
which case tln^ stem bifurcates, as in the l-»ycopt)diacefe. 

The leawis of the Ferns resemble those of the Plianerogamia in their es- 
sential stnicture ; they are rtny remarkable for their multifold compound 
forms. The venation or ribbing exhibits a peculiarity, the ramification 
of the veins in the himinro being on a bifurcated plan (fig. 49o, b, d), and 
the subdivisions retaining an equal size. The leaves are also characterized 
by the eireinate vernation (p. 74) which is almost universal in the Order, 
the only exception being found in the Ophioylossece. 

The fructification or sporiferons apparatus of the Ferns is produced upon 
the leaves ; and it presents a great variety of moditications, which serve to 
characterize the principal subdivisions of the Order. The spo?rs are formed 
in spore-cases or sporanges, little membranous sacs attached by a pedicle 
to the lower surface of the leaf (tig. 49o, 6, c, i, &c.), or to a Irind of 
skeleton of the leaf in which the parenchyma is suppressed (o). These 
spore-cases differ in some essential particulars of structui’e, in the mode of 
attachment, and in their relations to each otlier. 

In most of the Filices the spore-cases ]> 0 Svses 8 an annulm or ring 
(fig. 495, 0, an incomplete ring of thickened cells running round the 
sac, and assisting, by its contraction when dry, to rupture the sac and st't 
free the spores. In the Polypodies and other tribes it is vertical (fig. 
495, i) ; in the HymenophyUeae the ring is oblique and unconnected with 
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the basal pedicle (/;) ; in the GUnclwmem the ring is horizontal {in) ; and 
in the SchizcaeeB it forms a kind of cap with radiating strife on the top of 
the spore-case (/) {■ in (hmumlea the ring is broad, bat imperfectly de- 
veloped {n), while i-i Marattiete and Ophioglosseie (o) it is absent alto- 
gether. 

' In most of the tribMi the spore-cases are distinct from one another, but 
collected in groups ^vri) of various forms, round, linear, itc. (tig. 49o, 
bj c*j, on the lower tiarface of ordinary leaves, or of leaves espficially 


Fig. 495. 



Organization of FernK:— i)lant of PnljfpuJiuoi. rnfr/nre; f>, IVagnu nt of a pinna with 
naked eori; r, vortical sootion through ono of th«.* sori, showing the attiichinont of iho 
sporangos to the leaf; d, portion of a ]iinnule of Lattlr/rn / the sori covered 

with indima; vertical section through a sorus of the name, showing the attachment 
of the indusium and sporanges; /, vertical section of a cup shnped indnsitim and sorus 
of Cyaihea-, g, marginal sorus of Hgrnenopkglluni ; h, the siinc, with one valve removed, 
to show the attachment of the siioranges; i, sporunge of Po/gpodkim, bursting; A-, 
sporange of MgmenophyUum; sporange of Schizobu; m, group of sytoratiges of Mer- 
letma; n, sjwrange of Osmunda; n,j)ortion of the fertile lobe of the frond of Botrychivni 
Jjiuiariat with the sporanges burst; p, sptires of J^erns. 

devoted to tlie fructification and modified in form and texture. Tlie sori 
ore either nah^d {b, c), or covered by a membranous cover or itidumtm 
(f/, c), the forms and modes of attachment of which furnisli systematic 
characters. In the Marattieae tlie spore-cases are usiially more or less 
coherent together, so as to form a false coiniiound multilocuiar sporange. 
Luerssen states that the sporangia of Marattiacefe originate from a group 
of cells and not from a single cell (trichome) as in other Ferns. In the 
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Ilymmophylleca tlie pporan^es arc attached to little ciolumiis formed by 
the production of the ribs beyond the margins of the leaves (<7, A), be- 
coming at the same time enclosed in cup-like receptacles formed from 
the margins of the leaf. In the Ophioglosst^je a portion of the leaf is 
transformed into a simple or compound spike-like process, covered with 
free spore-trases destitute of a ring, and splitting iy,7ularly to discharge 
the spores (o). 

The s^wres are simple cells of microscopic diim’^^. bns, furnished, like 
pollen-grains, with a double coat, the outer of whicli i''. -generally similarly 
marked with papilhe, reticulations (p)^ etc. 

The term ‘‘ tloweihig” fern is erroneously appli(‘d to tliose kinds in 
which the fertile haivc's or lolx's are destitute of parenchyma, and thus 
restunhhi suporlicially the spadices of rhauerogamia, as Osmimdn, Botrip 
chimn, Opliwyloamm, &o. 

Tlio arhoresccut F(‘riis belong to tlu^ Ihdypodic'a^ .and Oyathoa^, and 
dilfer only in habit and dimensions from the mon^ iamilar forms. 

Ferns are Moinetini(*s reproduced by buds, analogous to bulbils, forim^d 
on ditferent parts of their structure, and sometimes at the points of the 
leaves. 

The spores of tli(‘ Filices retain their germinating power longer, as a 
rule, than those of the E(juis(*tacea3. They have usually a granulattul ap- 
pe^arance, with a cut icularizt*d ex« ►spore. (.)n germinating, the exo.^j)ore 
hursts, and the emit ('uts, already divided into sev(‘ral c(dls, are protrudi^d, 
and from it arises t he protliallium. The prothallia of Ferns diHer from 
tliose of the Ecpiisetacem in being generally mort* rt gular in outline. They 
prodiure numerous root-hairs and are self-supporting. The antheridia and 
archegonia naturally dilTer, though Imt slightly, from those of the Itqiiise- 
tacea) in form, but agrtn^ with them entirely in the did ails of function. 
The antheridia are situat('d on the margin (^r surfacr', and the archegonia 
on the surface of the prot hallia. They are moiKecioiis, hut show in some 
cases a tendency to he dicecious. After tli(‘ embryonic (jell of the arcluj- 
gonium has been fertilized by a sperm at ozoid, the asexual generation 
arises from it in a similar niamier to that de.sci’ihed as occurring in the 
EquisetaceoD. An exception to thivS is to be found in the proptJity of certain 
prothallia of propagating tin* asexual geiujration in a ])urely vegetative 
manutu*. The prothallia of Ptoris ervtiva wert* found 1 )} Mr. Earlow’ to do 
so without ever having been seen to prodiuje archegonia. 

Affinities, &c. — The Filices constitute a very Inrgo and natural group of 
Orv})t<^gamous plants wdiich have no very close relations, as regards 
gcmeral structure; but the Ophioylomre seem to form a link between 
Osmumlece and Lycopodiacejc. As rt'gards the physiological })rocesses 
occurring in reproduction, this Order must be classed with the Eouise- 
taoete. There is, however, great divei-sily of habit in the vcigetative body, 
which, as a whole, may be express(id ))y saying that the leaf predominates 
in the Ferns and the stems in the Horsetails. 

The Ophioylossccf; depart importantly from the general characters, both in 
their foliage and tlieir reproductive organs ; to the form of the latter there 
is an approach in M arattieie, and perhaps we may admit that the sporanges 
of this Order are really like those of Lycopodiacese ; the development of 
tlie young spores appears to agree, however, wdth that of the Ferns and 
Equisetacese, which is on a totwly different plan from that of Lycopodieae. 
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The Marattiem, by the absence of the annulus and the groupinj^ of tlie 
sporanges, appear to stand between the Polypodiese and the Ophio- 
glo8sea3. 

Distribution. — The Ferns at present existing strongh'- resemble the fossil 
Ferns, many of which have been preserved, even as to the details of their 
structure, with wonderful perfection. They wore very abundant in tin* 
Carboniferous epoch, and traces are also found in the Devonian. The 
Ferns are universally distributed — more abundantly, however, in damp, 
mild climates, wdiicli favour the development of foliage. The Ferns of 
temperate climates in the northern hemisphere are herbs ; in the islands 
of the tropica and the south teniperalti latitudes arborescent forms occur 
having the habits of Palms. Ophiogloasea?- are sparingly represented in 
Europe and North America, liio \\V*st Indies, at the Cape, Tasmania, 
&c., but are most abundant in the Indian islands. 

Qualities and Uses. — Some of them have active properties, astringent, 
anthelmintic, and emetic qualities, &c., but they are of little importance ; 
the rhizomes of Herts itc., and the stock of some arborescent kinds, 
afford a poor nutriment, used by the aborigines of the Soiith-Sea Islands 
and olsewluuHi iu times ei* scarcity. It need scarcelv be mentionf*d that 
this is the favourite Order of Cryptogainia among cultivators of plants. 


.LXCOPODIACEyE. Club-Mosses. 

Dutrpiosis. — Asiwtud (hnmiiion : Herbaceous ])laiits with creep- 
ing steins branching in a bifurcating (dichotomons) manner, clothed 
with small, usually closel y imbricate leaves traversed by one simple 
vascular bundle. Tln^ branching of the stem and root is entirely, 
or in a moditied form, (lichotomous. Tlui fibro-vascular bundles of 
the stem contain s ncu'ai xylem-bundles, surrounded and separated 
from each oilier by ])hlot*m. Neither sti^m nor root possess an 
apical cell. The sporangia arise in the axils or at tlie base of the 
leaves, and are larger than those of the Eerns ; the capsules are 
reniform (kiduey-sliaped), and are jilaced at the end of short, 
stout stalks : they contain numerous spon^s similar to (iach other 
in size and form, which is tetrahedral. — Se^caal Generation : The 
prothallia arising from the spores are indepeiuhmtly subsisting and 
monoecious. — Illustrative Genera; Ltjcopodimi, L. ; Psilotam, iSw. ; 
PhyLloglossam, Xze. ; Tmesipteris^ Benib. 

Structure and Life-Mstory. — The Lycopodiacoao have slender stems (in 
the genus Lycopodimn hard and woody), with an erect or creeping habit. 
The size and form of the leaves dilfer according to tlie species. They are 
always simple, unbranched, sessile with slender bases, and arranged either 
spiraily or m a verticillale manner, but sometimes in both xvays on the 
same plant. Adventitious roots are usually given off at the forks of the 
stem. The stages in the reproduction of the Lycopodiaceaj are not well 
known. The germination of the spores of Lycopodium has been seen and 
described only by Professor de Bary, and the prothallia have been found 
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by Fankhauser with one of them already attached to the yonnf? spore- 
bearing generation. They possess root-hairs, and are self-supportir^ and 
nioncecious. Antheridia containing niinierons spermatozoids are formed 
abundantly on the upper surface of the prothallium, on which side the 
archegonia also are situated. Of the phases in the development of the 
embryo nothing is known. 

Affinities, &0.— 'The immediate relations of this Order are with the 
Selaginellacefe. 

Distribution. — The species of Lycopodium are widely diftiised through- 
out the world, but are most ahuudant in warm countries. Five species 
arc natives of Britain. PsHotum is a native of the tropics of both hemi- 
spheres and of Australia. In former ages the species of this Order seem 
to have attained much greater dimensions than they have at present. 
The fossil stems known as Lcjudiuleudron are like existing Tree Ferns, 
but their fructification is that of Ijyctopods. They existed in such abun- 
dance in the Carbon iferous times that some varieties of coal are stated 
to be almost entirely coiiipos(id of their remains. Lepidodrohufi is the 
fruiting spike of some Lycopod. 

Qualities and Uses. — It is asserted that some kinds of Lycopodium are 
poisonous. Ij, clacatum has been used as an (.‘nu‘tic. X. Scloyo and L. 
cathartiemn are purgatives ; the latter is very violent in its action. The 
powder known in })liarmacie8 as Lycopodium consists of the spores of a 
species of this genus. Tb(*y are very inflammable, and are hence used 
for theatrical purpose's ; and as they no not absorb water n.'adily, they are 
used for covering the hands «&c. when it is desired that they he not 
wetted. 


Series 2. IIetebospouia. 

Yascular Cryptogams producing spores of two kinds, macro- 
spores and microspores. The macrospores develop a female 
prothallium, which remains attached lo the spore ; the microspores 
produce a rudimentary male protballium, which reuiains attached 
to the spore and develops antheridia and antherozoids. 

In the three preceding Orders (Equisetacem, Filices, and LycopodiaceaB) 
the prothallia arista from spores of one kind. In the two following Orders 
(Selaginellacem and Khizocarpem) the female prothallia are produced by 
macroaporeSy and the male prothallia by microapores. The prothallia are 
also different in their nature. In the tlhroe preceding Orders the prothal- 
Jium is self-supporting, and possesses Ciunpletelv the character of an 
independent plant. In the two following Orders the prothalliiim is 
no longer an independent plant, since it is forined within the spore, and 
at no period breaks connexion with it. 

SELAGINELLACE-E. 

Diagnosis, — Ase.riial Omeratim : In Selcu/inella the stem is thin, 
diebotomously branched, bearing small heart-shaped appressed 
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leaves arranged in four nearly vertical rows, and generally of two 
forms. In IsolUes the stem is perennial and corm-like, having the 
intemodes suppressed. The leaves are spirally arranged in the 
form of a rosette, broadly inserted. The corm-like stem emits 
adventitious roots on the underside, but, owing to the dense rosette 
of leaves, is invisible from above. The leaves are larger than in 
Seldf/inella^ and expanded into a kind ot sheath at the base ; th(w 
are traversed by four longitudinal air-canals. In both Seldifiticlla 
and Jsoetes the leaves are simple, unbranched, ])ointed, and 
traversed by one vascailar bundle. Sporangia, which are placed 
on the leaves in Isoetea^ and on short stalks in their axils or above 
on the stems in Sd/u/inella, produce two kinds of spores — num'o- 
spores and wicrospores. In Jsoetes the macros])or(^s are numerous, 
in Selafjinella usually 4, sometimes 2 or 8 ; in both th(j niicros[)ores 
are numerous. — Semal Gounition : Tlie macrospores produce 
female, and the microspores male prothallia. — Illustrative Genera : 
Tsoetes^ L. ; SclcKf inella^ Spring. 

Structure and Life-history. — In the Selagincllacene, as has been said, 
the niicrospores produce tlie male prothallia. The germination of tlie 
microspore is eifected by its dividing into a few cells, of which one is 
sterile and the others produce spermatozoids. The inacrospores produce 
the female prothallia by developing within themselvc's a mass of cells, 
while the w'all of the endosp(»r(3 begins to incr{‘aa(j in thickness and s(pa- 
rates into layers. Owing to tlie C(di increases within, tlie exospor(‘ hursts, 
and after some time the wall of the endospore loaves uncovered that part 
of the prothallinm the function of which it is to produce the archegonia. 
Fertilization by means of the spermatozoids taints plac('. in the manner 
(rommon to all Vascular Cryptogams, and the asexual generation arises 
from the embryonic cell. 

Afflnftlefi, Ac. — From the point of view of its vegetative structure this 
Order is closely related to the Lycopodiaccje, while it differs from it in 
the nature of its sexual reproduction, since in the Ly(U)ju)diace?e the 
spores which produce the female and male protliallia are of th(‘ same size 
and form, and in the Selaginellacefc macrosjaires produce female, and 
microspores male prothallia. The Order agr(‘C‘s, on the other hand, more 
closely with the following Order (Rhizocarpt^aO in the production of 
macrospores and microspores, but differs more widely from it in its 
vegetative structure. 

Distribution, Qualities, &c . — Selaffinelltje are delicate, and usuall}' found 
climbing or creeping over low objects in damp and warm plac(?a. The 
Isoefes grow in the mud at the bottom of pijols. The corm is perennial 
and of a woody structure when old. "i’h<?y are more generally diffused 
in the northern hemisphere, whereas the Selaf/ineJlcfi occur in greater 
abundance in warm climates. Neither have any recognized medicinal 
or economic properties. Many species of Sclaginella are cultivated in 
greenhouses for the elegance of their foliage. 
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EHIZOCAEPE^.. 

Diagnosis, — Asexual Generation : Small herbaceous plants float- 
ing on the water, or rooting in the mud at the margins of pools, 

Fig. 40G. 



Ehizooarpeae. 

^hiniii n (ions. A, fioction thrcngh the jilanl, showing the whorla of aerial leaves?; at tr 
tin* submerged h-aves art* shown betu'ing/, the siiorofarjis, nat. size. U, longitudinal 
section through three fertile teeth of a submerged leaf, showing at n a sporoearp with 
nmerosporangia, and at iitwo Bp<»roearpB wilh injurosporangia: magnified. 

Mamtlea aahuiru. 0, sporocarp which has hurst in water and is protruding its gelatinous 
ring (Haiistein). 1), tlie gelatinous ring: <j, ruj»tured and extended; sr, compax-tments 
oi the sporoearp; nc/i, covering of the sporocarp. E, compartment from a ripe sporo- 
carjj: «j<, mierosporangia; ma, macrosjiorangia. 

’wdth regularly branching stems bearing two or more series of leaves 
circiiiate in vernation. Sfcem grows by an apical cell giving 2 
or t3 stiries of segments, and the root by one giA ing oif 3 series. 
JThe sporocai’ps are metamorphosed leaves containing in one or more 
chambers the sporangia, %>hich spring from a central placenta, and 
bear one or more inacrospores or numerous (4X 16) microspores. — 
hexual Generation : The macrospores produce the female protballia, 
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and the microspores rudimentary male prothallia. — ^Illustrative 
G-euera : JSalvima, Micheli ; Marsilea, H. 

structure and Life-history. — The sexual generation of the Ilhizo- 
carpeaB strongly resembles that of the Selaginellaceae. Here also the 
microspores produce the male prothallia. In Salvinia this is effected by 
the protrusion from the microspore of tubes, each of which divide into 
two cells at tlie apex, the contents of which form each four spermato- 
zoids. In 3£arsilea and Pihdaria the sperrnatozoids are formed witliin 
the iiiicrospore, thus : first eight cells are ft)rmed, and then the contents 
of each produce four spca-jnatozoids — in all. The sperrnatozoids escape 
through a small funnel-like opening at one end of the inicrospore. 
The female prothallia are prodiuiod b}’- the macrospores: they remain 
enclosed at first by the funnel at the apex of the inacrospores and are 
bounded on the underside by a diaphragm, which separates it from a 
large intercellular space within. I'lie funnel at fhe apex then opens 
asunder, and the pro thallium is almost on tirel}'^ protruded by a bulging 
motion of the diapliragni j on it are formed the arcliegonia, wdiich after 
fertilization by the speniiatozoids, give rise to the asexual spore-bearing 
generation. 

^ Affinities, &c. — This Order is closely related to the preceding one ( Sela- 
giiiellaceicj in the nature of* its reproduction, and to the Iilices in its 
vegtdative structure. — The Khizocarpoje an^ aquatic or marsh }>lants. The 
genus Salvinia is represtuited by rootless plants which tire found floating 
free in the water of stagnant pools j the submtuged leaves are finely lacini- 
ated and reseinlde roots, but their segments bear 8porocar})s (fig. 41)f) A, /*). 
The genus iMarsib a with its allies, of which l*ilularia is our only native 
example, is composed of herbaceous plants, the stem of which is little 
developed and consists of a kind of rhizome giving off tufts of filiform 
adventitious r<)ots on the underside and two or more series of leaves on 
the upper. They are found growing in tlio mud at the margins of pools. 

Qualities and Uses, — They have no known medicinal or economic pro- 
perties, unless perhaps MarMlca salvatrix (the Nardoo of Australia), the 
spores of which are said to have been eaten in cases of scarcity. 


Division 11. Muscine®. 

Cormophytal Cryptogams possessing imperfect vascular tissue only. 

The Mmcinece consist of the Mosses and Ilepaticfc, and resemble the 
Vascular Oryj)togams in the fact that their life-hist or}' consists of two 
alternating generations — asexual aud an asexual. AVhen the spore borne 
by the ase.vual genei*ation germinates it j)roduces 1,ho sexual generation. 
This is effected, indirectly in the case of tlio Mosses and a few Ilepaticic, 
by the production of a protonema (a confervoid prothallium), out of which 
the sexual generation arises, and directly in the other Ilepaticie. The 
sexual generation preponderates in the vegetative quality, and forms the 
plant commonly known as a Moss or a Iltqiatic, as the asexual generation 
does in the Vascular Cryptogams. It bears the antlm'idia (male organs) 
and the archegonia (female organs). From the fertilized central em- 
bryonic cell of the archegonium there ai*ises the asexual generation 
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(«(po^|tonitmi); wMeh, in the course of its development, forms in an 
asexual manner the spores, which in turn produce the sexual gen^ation. 

When we compare the life-history of the Mu8cine€B with that of Vas- 
cular Cryptogams we find both a strong resemblance and a contrast. , The 
reaemblance consists in this, that both follo w the scheme of alternating 
generations, one of which is endowed with sexuality and the other 
purely asexual, so far as a process of impregnation is concerned. How 
far the so-called asexual generation of Oormophytal Cryptogams may he 
sexually influenced by the other is a question on which we cannot enter 
here. Tlie contrast consists in the fact that whereas in the Mosses it is 


the sexual generation which preponderatt^s in the vegetative quality while 
the asexual generation is the more transient one, in the Vascular Crypto- 
gams it is the opposite which is true. There are, however, two cases, 
one on each side {AntJioceros representing the Muscineae and Qymno- 
yramme leptophijUa^ Desv., respreseiiting tiie Vascular Cryptogams), in 
'which this rule is abaudoned and the relations approach each other. Tn 
the Gymnoijramim^ it is the sexual generation (nrothallium) which forms 
the more persistently vegetating plant, while tne growth of the asexual 
(spore-boaring) generation scarcely exceeds that of the sporogonium of a 
moss. In Anthoeeros the sporogonium (asexual generation) shows a greater 
vegetative tendency than is usually the case in the Mumtietey by continu- 
ing to grow in the basal part and prodiuje liere new spores after those 
on the apical part are already ripe. These are exceptional cases ; but since 
they occur in a pei*fe(‘tly normal manner they must be taken as consti- 
tiiting a form of alternation of generations intermediate between and 
connecting those occun'ing in Vascular Cryptogams and MuscineiO. 

Both Liverworts and Mosses 
produce antheridia and arche-- 
yonia^ c'ither on the same plant ^ ^ 

or on distinct iiidividnals. I’here ^ nil 

are minor dificrences of structure h Q hh 

in the different groups of this p [1 

()i’d(?rs, some of which may he 

brk*tiy d< ascribed. I 1®; 

The antheridia of the ilepa- 'r 7 P \ ® 

tica? (and with tliese agree the ^ Vn\W ( ^ 

same organs of Sphagnaccae) are ^ d. ^ 

(dlipticul or globular sacs (fig. ^ ^ 

497, r) fornu'd of a sirglt* laytT k ^ V// 

t)f cells ; they are fuuiul im- ^ / 

bedded in the thallcid Ntem of /qJ ' / 

Itkcia^ Pei/ia, &c;., or in tlie sub- *=©0 
stance of the (male) receptacles 
of Marclmntia (p. i'M), or on ^ / 

stalks arising from the frondose Antheridia and arehegonia &c. of Hepatiree: n 
• 1 • XT vertical at*ction of the inflorescence of Kadwa 

stem m lohbomhromay ai .d m the with young (axillary) antheridia and 

axils of the leaVC'S in the foli- (terminal)archt‘gonia,magn. so diam.; 6, vertical 
aceous kinds of Junaermannieee T archcffonium, with germ-^rpusde, 

fii \ rri • Jungerntannia divancatn, xnagn. 250 diam. ; 

(ilg. , a). Ine interior of the c, immature antheridium of Radula eomplanafa 
sac is filled with minute roundish section), magn. 250 diam. ; d spermato- 

ceik at fiMt ^^.erent, bm ulti- 

mattdy free. Ihese (the speT^n-’ (vert, section), magn. lOO diam. 
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eeUs) escftpe by the mpture of the sac of tbe mtheridium^ aaiid oacb of 
them emits a z^cil^ted spiral spermatoaoid (fig. 497, d). 

In the Mosses the mmmidia are larger and more elongated and cylin- 
drical sacs, not stalked (fig. 498, h ) ; they are found in the axils of leaves, 
sometimes scattered, but more frequently collected in axillary or terminal 
bud-like structures {inflorescence), either with the archegonia, or in 
a monceeious or dioecious condi- 


tion. The antheiidial sacs are Fig. 498. 

filled with a tissue w^hich is ..-e 

ultimately resolved into sperm^ \ 

cells, which are discharged by QQ 

the bursting of the sac (tig. 498, > c q hu 

b ) ; and wdien these escape (fig. nn 1/1" ^ 

408, c) they in their turn emit an \ y®/ hH / \ 

active, spirally twisted, 2-ciliated {^l rJn 

spermaf^ozoid {d), /rQ/ IjW ' iS Ml 

The antJiendia and spennato- /j wM I v vy 

zoids of Mosses may be readily . ///[ W Pr^y \ y 

observed in V<dytrichum com- \ \ 

the male plants of which //iHM )( /( L ' ^ 

form their flowers” {stellulce. liWdM V'/l /A 

masculinai) abundantly on every \ \ \jl\l7 

heath in spring. \W \ ^ (/f 

The archegonia are veiy much ' j f 

alike iuHepaticffi and Musci, being 

flft<jlr--yhiiTipd pfiliikr witii m Anthoridium, arehogonium, &t*. of Mohsos: a, ver- 

nasK snapea ccuiuai casts, V lUl .l of arAogoniuiu wiil» from 

long neck (ng. 497, a, o’, llg. 498, PhuHcmn euftpidninm, umgw, 100 diani. ; 6, antlio- 
«), found generally several to- ridium ofPo/vi'rifAM.m Inirntingto dis- 

gether, commo.ily at the onU. of 

shoots, surrounded bv modified diam. ; d, sporruatozoids of tho same*, inagn. 400 
lr-.n\ro« wliirdi Tofciv#-. diam.; e, immature fruit oi’ jekuHtmtu bruoides 

If aves, wnicn Jf e spi uai gectioa), c, calyptra, i;, vaginule, magn. 

names (pp. 4ol, 4.5d), lorming a 4odiam. 
kind of perianth. In Anihoccros 

the archegonium is fonried in the sub>;tance of tlio thalloid stem. When 
mature the archegonia exlubit in tlieir basal cavity a germ-corpuscle, (fig, 
497, h j fig. 498, a), whicli is fertiliz<‘d by tin? passage of spLa'iiiatozoids 
down the canal of tlio neck of the lla.sk-sha}Hid body. In any cast', this 


coi^puscle is converted into a cell in one of the archegonia of a flower, 
the rest remaining barren (fig. 497, 

When the germinal cell is fertilized, it begins to grow by cell-division, 
and forms a cellular body which causes the expansion of the original wall 
of the archegonium (fig. 497, e). After a time, this Avail gives Avay, in 
the Mosses by a circumscissile dehiscence, so that the upper part is carried 
upwards (fig. 408, e, c), afterwards bticoming the calyptra of the sporo- 
gonium (fig. 600), while the lower part (fig. 498, v) remains as the 
vaginule (fig. 600, c). In the Hepaticao the sac of the archegonium is 
usually ruptured in the upper part, and there is no cup-shaped calyptra 
formed, the sac becoming ultimately the envelope, corresponding to the 
vamnule of Mosses, here often called the epiyone (^p. 4J^3, fig. 601 B, a). 

The central cellular body (fig. 497, e ) undergoes very remarkable 
changes; by degrees it exhimts different strata and regions, and in the 
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most perfect forms of this Class ultimately rises out on a stalk-like process 
from the vaginule (fig. 500, v), and becomes a sporoyonium filled with 
spores (pp. 481, 438). 

Fig. 49P. 



Germination of the sporeH of a Moas (^Funarut hi/gromeirica)' o, gpore sprouting; d, more 
mlvancetl, and th<* first cell divided ; a and b, iiuuccnt ieaf-buds on the confurvoid proto* 
Tienifi, Magn. 200 dinm. 

TIu 5 mode of development of the spores, which arc simple cells with a 
double coat, or a proper cell-meiidjrane covertnl by a distinct cuficuhir 
layer, is brieliy as follows ; — In tlu; cellular rudiinciit of the capsule con- 
centric layers of tlu‘ pareucliyina become ditfereiitly motaiiiorpbosed : the 
outer layers from the walls of the capsule and the sporangial memhraiie 
below, continuous with the peridome (p. 431) above; the central mass 
(ill lMos.sea) is developed into the columella; the intermediate layei’S, 
which produce tlie spores, after multiplying to a certain extent, form free 
cells from the whole contents of each cell ; the walls of the original or 
parent cells dissolve, and a cavity is formed, in which the free cells 
(parent cells of the spores) lie loose. These cells become divided into 
four chambers by septa ; and each of these chambers (special parent celh 
of the spores) produces a single free cell from its whole contents. Tht 
last-formed cells, set free by the solution of their mother cells, are th( 
spore-cells, wliich when ripe are found coated with a cuticular layer 
often more or less marked with points or reticulations, like pollen- 
grains. 

Tn the subsequent liistory, another kind of propagation takes place 
When the spores germinate, they produce a confervoid structure {pi'o 
timema^ fig. 499), fro in different cells of which are produced a number o 
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buds (a, b), each of which (irrowg up into a new leafy stem, forming a 
tufted group of plants, which after a time fructify again by antheridia and 
arc/teyonia, 

MUSCI. Mosses. 


IHaynosvi.—Siwiud Oemralion : Plants of a diffused or creep- 
ing habit, terrestrial or a<juatie, with imbi'ieated leaves arranged in 
from two fo four rows, and blanching in a mono()odial manner. 
Tile stt'iiiH are slender and con- 500 

taiii no true vaseidar tissue. 


A true root is absent, but jts 
functions are performed by 
root-hairs. Tlie si^xiial genera- 
tion arisfis as a lateral shoot 
from a protonema j)rodii(*ed by 
the asexual spore on ^termina- 
tion. It bears the antheridia 
and arcliefjjonia — the former 
slalk(*d and the latt(‘r sessile on 
a narrow base. The, Atie.t'ttal 
ire aeration or aponKfoiiiuoi 
arises from the emliryoinc coll 
of th(^ arehe^onium aften* ler- 
tilization by an antlau'ozoid. 
Its first stage ot development 
is ])assod in the ejilyjitra, 
which, oil being ruptured at 
the vagiuula, is carried up on 
the apex, vvherii the ca])sule 
which produces the spores is 



Orjjanizafcionof :-~A, I *olytrivhum ahnden, 

Tuilural Hizr; h, its ( psulc. wiili in 

In, and calvptra (d) ; «, tlu' basw of 

tho s«‘tiu with the viifjfinJilo ; e, cujmule, witii, 
jHrislome, ami, e\ a section of the same, show- 
iripf tile enhmn'lla ; y*, the operciilmii of e; A, 
teeth of lh<* ]MMMstome, from the, mouth of c; i, 
Hi»oreH, on the same seiile of amplilii'ution as h. 


formed (figs. 4b7, 498, 500). Within the capsule is a sterile mass 
of tissue called the columella. The epidermis of the capsule splits 
to permit the escape of tlie spores. — Illustrative Suborders : Brija- 
cew, Sj.' 


In the Bryace^ the leaves are small and scale-like and usually spirally 
arranged. The plants an^ of a ctespitosc or diffused creeping liahit. The 
antheridia and archegonia arti produced either in terminal buds or in the 
axils of leaves. From tlie archegonium, the outer part of which is a tlask- 
shaped sac, arises the sporogoiiium, wliich in its growth tears away the 
wall of the archegonium, leaving the base as a kind of collar (vaf/inuloy 
fig*. 500, c), and carrying away the appear part, which becomes more deve- 
loped as a cap or hood (cah/ptra, d); this more or less encloses the urn- 
shaped capsule (h) until it is mature (fig. 500, A) ; the stalk of the sporo- 
gonium is called the sefa. When the ealyptra falls off* it exposes the 
capsule, which in most cases lias a deciduous iid {operculuniff ) ; when 
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the lid falls off, the harder of the mouth of the capsule is found either 
naked or furnished with a single or double fringe of teeth {peristome, 
and a circular piece, called the animlns^ soiuetimes separates from the end 
of the columella in this place. The number of teeth in the peristome is 
either four or some multiple of that number. In the capsule of Mosses is 
to be found a columella or stalk-like mass of tissue running up the centre 
(c'). In the Phascece an operculum is absent, and the spores escape on the 
decay of the capsule. It ciiUers slightly in its geuerid structure from other 
Ihi/acecB . — Illustrative (ieuera : Pka>ionm, Ij. ; Grimmia, Ehr. ; Tetraphis, 
Hedw. j Splae1muni,\j. \ lledw. ; TrichostQmum,\leidiSV»*, Bn^ 

cahfpta, Ib^dw. ; lln/um, L. ; Parintmtn, Iledw. ; B'amria, Hedw. ; Po/y- 
trichum, L. ; Hypniim, L. ; Foutinalis, L. 

SPHAONACEAi) coiisist of tlic species of one gen us, Sphaynmn, The plants 
are iwpiatic, and are comiiiouly known as “ Jkjg-mosses.’’ They are of a pecu- 
litir yellowish-green aspect, with imbricate (o-rowed ) leaves and fasciculate 
branches, tluj low(‘r ot wliich are long and dellexed. This genus dillers 
V(!ry much from the lirfpwm in habit and in the structure of its leaves. 
Tin* chloropliyll-coiiiaining cells of tlie leaves are slender and elongated; 
in the interstices are large empty cells, the walls of whicJi are strengthened 
by a spiral libre. This structure causes tin*, whitish or yellowisn-groen 
colour peculiar to them and to a few similarly organized Mosses. The 
anthei’idia are globose stalked bodi(?s and resi;mbl(‘ those of Ilepiitivce 
more than iliose of Mosses. The S])orogonium possesses a short turbinate 
seta, and a capsule wliich dehiac(5S by an operculum, and is destitute of a 
peristome ; the coluimdla is short and does not reach the apex. A pecu- 
liarity of tlie asexual g*en» ‘ration is ibt^ existence of sporogonia bearing 
spores of a smaller size tliaii the ordinary large spores. This Order is 
remarkable for tlio sliart‘. it takes in covering bogs and gradually furnishing 
material for peat, tlui lowi‘r jiartsof the stems gradually dying away below 
while the suinmit asciuuis ; tin* descending lower branches of the fascicles 
bind the wliole into a compact mass. They abound in cold and temperate 
climates in boggy places, furnishing an article of food to animals, and even 
to man in northern regions. 

Andb^ackje are C40.spitose Mosses with erect stems and imbricate 
leaves, and are natives of mountains and polar latitudes. The sporogonium 
has constantly a terminal position on the stems of the sexual plants and 
is destitute of a stita. The capsule is sessile on the receptacle wdiere the 
vayimda arises and bursts vertically into four valves, which remain con- 
nected at the apex. A columella is present. In Acrovhisma, a genus 
from the Antarctic regions, the valves separate only halfway down, as in 
the Phascm {Bryacece), in -which Archidium, like Andra^a, does not ele- 
vate the capsule on a seta, hut carries up the calyptra simply by the ex- 
pansion of the capsule. In the 4-valved dehiscence it agrees with the 
Jumjvrmanniaceaf (Hepatimy — Illustrative Genera : Andrm, Ehr., and 
Acrochisma, Hook, til. 
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The Scalo-niossjes are minute creeping plants with small, green, cel- 
lular (scale-like) leaves, iinbricately arranged along the axis in two 
rows, often with a row of imperfect leaves {amji/iif/astria^ fig. oOl, d) 
on the underside; or with the stem thalloid, i. e. forming a lobed leaf- 
like mass. The sporangia have oval capsules breaking through tlie 
summit of the calyplra, raised on a thread-lilvo seta, and splitting ver- 
tically when ripe into 4 valves, which separate more or less widely into 
the form of a cross (fig. oOl, Jl), scattering spares mixed with elaters, 
destitute of a colinmdla. 


The .Tungermaimieai (or f(diace< 
creeping sttmis like those of branched 
Mosses, b'dug more dedicate, with 
leaves imbricated in a di'titrhous 
manner, so as to give a datttmed 
character to the branches (tig, oOl, 
11, d). The ahthvridia aud an hvfjo- 
wiuare producculoTi these stems; and 
from tlie latteraivdevelo]M'd the.s/)o- 
■n^tfon'Ki, which arc surrounded at 
the base by modilu‘d p(irirh(eii(d and 
perif/onial lea\ cs aud by a vapinule 
(fig. 1)01, 11, u), which diiVer'^ from 
til at of tlie Mossiis in b(‘ing the (ui- 
tire sac of the archegouium, no 
hooded calyptra being carried u]) in 
the .Jiingennanniea*. The nff/imile 
is somiitinuis called calt/ptra, and 
sometimes ejdf/me; tlie circle, of 
leaves, often coiiliuent, suiTOunding 
it form the piirvjotie^ pinmdh, or 
invohicel ; and these are surrounded 
by the pcrich<cti<d pvrichce- 

tiiim, or involucre. Tlie, capsules are 
generally elevated on thre.id-like 
stalks {setce), and when mature sjilit 
nearly or quite to tlie base into four 
more or less, and set free the vporc'i a 


ms Ilepatieie) have slender ramified 


Fig. 501. 



Organization of .TnngrrmanniHa' : — B. Radufa 
compl'tnafa with au un()|»(>n(^il jukI a burnt 
capsule : a, the vaginule ; A, the bur.a capsule. 
niaKuille^l ; c, Hpores and <daterH ; d, fragment 
t»f the leafy Nieni of JuntjHriuaunuf- uinbrom^ 
showing Ui«‘ di,>t.iehous iiiTangenicnt of the 
braves, and the ampkiijuafria (r;. 

teeth (fig. 501, h)^ which spread out 
nd elaters (c). Tlnu'e is no columella. 


The genera of tliis Ord<5r, formed out of the old genus Jtwf/ermannia, 
present a considerable variety of conditions, both as regards their vege- 
tative structure, which is either frondose or folinceous, and the minute 
details of the org mization of the eahfptra (c/)/V/e))c), wltli the imoliivA 
{perianth or perif/one) and the involucre {perichHlum) which suiTOund 
it. We have here a higher coiidititm of the vegetative organs, nearer 
that of Mosses. The Juiigermarmieie are found in shady woods and moist 


situations throughout all regions of the globe, and are most abundant in 
damp tropical woods. They have no important (lualiiics. 


The Antiioceroteje are distinguished from the frondose forms of Jun- 
germannieae by the absence of an involucel {perigone). The auiherklia 
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and archegoma are produced in cavities excavated in the thalloid stem ; 
and from the archegfoniuni springs a thread-like or pod-like capsule^ which 
splits down longitudinally into two valves when ripe, and displays a 
central columella, and has both s/jom and imperfect -Illustrative 

(lenera : Metzgeria, Iladd ; Blasia, Mich. ; J^ullania, Nees ; THchocolea, 
Tsees ; Geocalyx, Nees j and Junget'mannia, Dill. 


The IMABCHANTiEiF:, or Liverworts, are minute green plants, with 
a stem in the form of a lobed, leaf-like, cellular expansion, rooting by 
capillary filaments below, with an indistinct midrib ; the sporogouia de- 
pending from the underside of a capitate or radiate rece[)tucle supported 
on a stalk arising from the apex, on the under surface, of the lobes of the 
frond ; tlie capsules bursting by teeth or by irregular fissures, containing 
elate-rs mixed with the spores, hut no columella. 


The TiialJoid fIe]).‘Uie;e ha.\-6 a broad, more 
or loss succulent, iolx^d, leaf-like expansion in 
plac(! of stem and leaf (fig*. ; this is to be 

reg.irdtsl as a foliaceously developed stcnn anah)- 
gouH to that of Lemm among the Phanerogamia. 
I’lie s])orogoniii bonu^ by tlui thalloid forms are 
vt'i’v varied: thf3 Vdl'me, or frondoso .Jiingernian- 
niejo, bear capsules like those just described, but 
arising from the midribs of the timlloid stem; the 
AntluK^eroteec, liiccieio, and Marchantieae are Very 
di derent. 

I’iie llialloid (‘xpansion of the Marchantie.-n 
sf'iids up stalk-lilce processes from its marginal 
sinuses (fig. /5()2, A), terminating in simple or 
divided cap-shaped bodies {teceptadeii), on tin* 
underside of which are found the archegonla \ the 
ant/ieridia are in distinct heads; tlie arch(‘gonia 
develop into the ca])sules of tlie sporogouia (6), 
which usually burst at the apex ((f) into tour t<'eth, 
sometimes into eight; in certain genera a lid.si‘pa- 
rates by transverse deliisccmce, and in others the 
capsule bursts irregularly ; tlui capsule has no colu- 
mella, and it^s sporofi are mixed with elatxrs (d). 

The Marchautiea> produce cellular bulbils or 
gemmae. These are especially remarkubh? in some 
of the thalloid forms, as in Marvlmntia, where 
they are developed in groups in special cup-like 
receptacles. 


Fig. r>02. 



Organ iznl ion of MarcJian- 
tica- : — A. MurvhanHa po'- 
ly»iorpha.,\n',nTiyx^ a 
tni'lo of fruit; 6, Tcrtioivl 
Bi'otum of the receptacle. 
sh«>wing the sporanjfes on 
it s under surface : c, spo- 
range burHtiiif;, with its 
vaginulc and ju-rigono laid 
open ; d, 8pore.s and eluter, 
highly magnified. 


The Marchantieae grow in damp shadv situations in all climates —Ulus 
trative Genera: Fegatella, \is.M ■, I’lagiucl.mma, Lehiu. : and WeAuBhV 


The Btcciaceje are incouspicuous Marehantia-\\\c Liverworts orowinc* 
in mud or tioatiiig on water, having a delicate cellular leaf-like’ “frond 
with the sporogouia, vdthout an involucel or involucre, iujniersed in or 
sessile on the frond, bursting iiregularly, and containing no elaters The 
anthendia and archegonia are also imbedded in the substance of the 
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tlialloid stem. From Anthocerotem they differ in the absence of a 
columella and of rudimentary elatera. They are interesting as exhibiting 
the lowest type of organization in the Class to which they belong. They 
«re generally diffused, comprising 8 genera, with about 28 species. Genera : 
Hiccia, Mich, j Duri<saj B. and Mont j Sph€erocarpu8, Mich. 


Class II. TITALLOPHTTA. 

Deiinition. — Cryptogainous plants producing in vegetation a 
thallus, presenting no opposition of ascending and descending axis, 
nor contrast of stem and leaf ; antlierozoids never spiral ; repro- 
duced by spores which are produced in parent cells, either forming 
part of the v egetating thaJliis or growing upon the surface of defi- 
nite regions of the thallus devoted to reproduction. Spores not 
producing a protlialliiiin, but reproducing the plant immediately. 

These plants covrosjiond to the Tliallogens of most authors ; their prin- 
cipal points of distinction from (./ormopliytalCryiitogaius are above given. 
The vegcitativo structures of the plants of this group, which form their 
principal bond of connexion one with anotluu*, and their most striking cha- 
racter of distinction from the higher }>lants, present a great variety of 
conrlitions within their own limits. The thalhs is a pu) tdy cellular ex- 
pansion, pr('senting no contrast of parts analogous to that between the 
axis (stem) and the appendages (leaves and their mc^diti cations), whioli 
exists in the higher plants ; hence they are necessarily devoid of true buds. 
A special regularity, howewer, and a determinate direction of growth are 
manifested more or less clearly in all cases, giving definit(j and character- 
istic forms to the thallm. 'Hiis is the case even when tlie tliallus is reduced 
to the condition of mici’oscopic filaments, which elongatti and spread in 
determinate directions. The Ihallm is exclusively composed of cellular 
tissue ; and its more minute diff(‘reuc.es in the various class(»s and families 
of this division of the Vegetable Kingdom require niicroscojue inves- 
tigation ; but certain broad distinctions may he laid down, sutiiciont for 
the general discrimination of the classes in the more ptu’fect forms. The 
lower forms of the two classes of Thallophyta approach very tdosely in 
their characters, on account of their great sirnplh ity (jf organization, 
which excludes the possibility of many dilferential characters. 


Division I. AlgSB. 

Gymnosporous Cryptogams living in water or in damp places 
exposed to the light, extremely variable in size, form, colour, 
and texture, free or attached by root--like organs, sometimes uni- 
cellular, at other times having a branched pseudo-stem and leaf-like 
appendages, sometimes of large size, but exclusively cellular in 
structure and destitute of stomata. Plants multiplied by subdivi- 

21-2 
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sion of cells or by the formation of “ zoospores.” lieproduction 
or formation of spores effected by the antherozoids emitted from 
the antheridia, either on the same plant (moncccious) or on different 
ones (dioBcious). Spores motionless, solitary, or in groups of four 
in a single sporange. 

General Remarks. — The most familiar examples of this Class are the 
Seaweeds ; hut it also iuchidos a great number of plants found in fresh 
water and in damp situations, many of which are altogether of micro- 
scopic dimensions, and invisible, except in quantity, to tlie iiakod eye. 

Fig. 5oa 



— A. Ofcillnioritt uutuninali-n: a, lllmnuut I'sciiju'd frimi the Kheuth, b (inugn. 300 dia> 
meters). B. DeKHtidietr: a, Vedut*trum. JJuri/tnitini ; b, Co^~nmrium niarqurihjerum (200 
diam.) ; c, CUisierivm Lunula (30diain.) ; d. Ctonierinm averosum in conjugation, with the 
resulting spor*' (200 diam.)* C* JOiatomacea’ : a, Jjmloma vulgare; t, end view of a cell 
(200 diain.). 1). Volvocineat'. Fandoriua Morum (ItO diam.). E. Jiolrgdium granulatum 
(15 diuju.). 

The lowest forms, the TahnellefBj consist of simple cells, of most varied 
shapes, usually found connected together in definite or indefinite masses 
by gelatinous excretion or products of the decomposition of the older 
cells (tigs. h04, 51 '2^ E, a). The individual cells, each often representing a 
distinct plant, are characterized by a wonderiul diversity and, in certain 
families, beauty of form, as in the Desmuhd/^ and Diatomaceo} (fig. 503, B, 
0> ; sometimes, as in the Volvocineaj, they are provided with vibratile 
cilia, and exhibit an acti\'e spontaneous motion (fig. 503, 1)). As a rule 
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their colour is green, an important exception to this being formed by the 
Diiitoinacece, wiiich have another special peculiarity in the existence of a 
siliceous deposit in their walls, which remains as an indestructible skeleton 
after the decay of the organic matter of the plants. Some of these lower 
Algm are found of red colour ; but in many cases, at least, this colour is 
only characteristic of certain stage's of growth of kinds which are green 
whmi veg(}tatiug actively. It is very probable that most of tliese so-called 
ujiicelliilar or pseudo-unicellular Algte are really not independent organ- 
isms, blit stages of growtli of some other plant, perhaps of much higher 
structure. Thus there is reason to think that these unicellular liodies 
may not only be stages in the development of Licdieiis, but even of Mosses. 
Olio remarkable point in their history is the length of time they persist 
unchanged. 

A step forward in complexity of organization is made in the filamentous 
Algjc, composed of cylindrical cells attached end to end, and thus IVirming 
long jointed tubes, either simple or more or less branched (fig. 512, (', 
p. dOlj: the Coiifervoidt'ae and their allies, the silk-weeds ’Nif fresh- 


Fig. 504. 



TiilmeUa t'rumfai ruaHH of jflly with sinijh* cells. tlividing inh"* two ; A clctar-hrti 
ccUh »ind KranulcB; c, eellw treated with sulphuric acid an<l iodine, showinff the cellular and 
granular contents. 

water pools, aflbrd familiar examples of Ibis structure ; these grow at the 
extremity of the lilaments, or interstitially by all the joints elongating 
simultaneously. 

The Ulvecp. iiave a thallus wJiere growth in breadth is added to tliat in 
length ; some of them also acquire a certain thicl^ness ; in this way they 
become leaf-like expansions, of m(*mbranous texture. Tlniy grow by ad- 
ditions all round the nuirgius of the anterior part, often lobiid or divided, 
but of homogeneous tissue throughout : the form and dimensions of the 
thallus become more or less definite here; the colour is mostly green, as 
in the Confervoideie. 

The Red Seaweeds or Ithodospermesn exhibit almost every possible 
form between that of the branched filamentous thallus and that of a highly 
compound or dissected leaf (lig.510, p.447)orashrub-]ikecollectiou of firm 
branches ; and, moreijver, tlie texture of the thallus varies from a simply 
membranous to a cartilaginous or e/en horny substance, caused by greater 
development of the cellular tissue, which in the higher kinds exhibits a 
distinction between the cortical or epidermal layer and the internal spongy 
parenchyma. The Corallines, which belong to this group, acquire a stony 
character from the deposition of carbonate of lime in their cellular tissue. 
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The colours vary in this Order ; they are red, purple, brown, olive, &c., 
but never pure frreen, like the Confervoids. 

The Olive-coloured Seaweeds, including the Fucacese Cof which the 
Bladder-wrack ” is the commonest example), and others of very different 
orj^anization, the PhaBOsy)oroae and Dictyotaceee, exhibit a similar grada- 
tion of form in the thallus. The lower forms of Phjnosporeae present 
tufts of branched filaments ; the higher forms of these, and the Fucaceae, 
have thick leaf-like or slem-like fronds of firm texture and sometimes 
enormous dimensions ; many of them have a shrubby habit of growth, 
and attach themselves to stones <fec. by discoid or branched expansions 
from the base, resembling superficially the roots of the higher plants, but 
having no similar function or anatomical character. The thallus of the 
larger forms is liiglily develoju^d as to ils tissues, having a distinct (‘.ortical 
layer ; but the structure is strictly ccdhdar, without a trace of woody fibre 
or vascular elements. The colour is liere usually olive, brown, or some 
dull tint of gri^en-brown ; never bright green, as in the Confervoids. 

Veffelatira reproduction assumes a very important ])lac;e in tlie multi- 
plication of all Tluillopliyta. Throughout the Alga> it is a constant phe- 
nomenon, and one illustrating very beautifully the physiological homoge- 
neity of the thallus. Tlie lowest forms multiply hy dividing into a number 
of cells or segments which grow up to the dimensions of the parent; this 
occurs [IS the ordinary mode of growth, here confound('d with rejmoduction, 
in the Vahuellece ( tigs. 504, 5 li?, Ji, «, />), Desnddieeei, Dia1omavec(> ( fig. 50»‘f), 
&c. But another still mor(‘, remarkable form of vegetative rt^protlnction 
extends from these up to the highest Alga>, namely the reproduction by 
zoospores, 'I'liis consists in the conversion of the semifluid contents of in- 
dividual cells (the endochrome) into distinct corpuscles, and the expulsion 
of these from the thallus hy the bursting of Ilje parent cell-menibriine 
(fig. 500, 500, 512, C, d ) ; these corpuscles are filled with green or olive- 
coloured mattt^r, except at ojio end, which is provided with cilia and is 
soiuetimes spokem of as the rostrum.” The cilia are excessively minute, 
and vary in number in dilfetenl genera j sometimes the wdiole surface of 
the zoospore is covered by them. These zoospores are usually emitted at 
a fixed hour in the morning, as the result of an endosrnotic action which 
causes the cell-wall to hurst and set free the zoosporf*s. Sometimes before 
their liberation they are seen to congregate in one portion of the cell, and, 
as it were, to strike against the cell -wall and cause its rupture. Their 
activity seems to he directly dependeut on the influence of light. After 
moving spontaneously for some lime, the zoospores lose their cilia, become 
encysted, and grow up into new tlialli. In Botrydium and Acetahularia 
conjugation of the zoospores lias been recently observed. In some Algas, 
moreover, there are two sorts of zoospores — ^large ones, cjilled mact'ozoo^ 
.s/?o?Ts, and smaller ones, called viicrozooiiporcs, IViiigsheim even describes 
a form of zoospore which has the faculty of remaining dormant for long 
periods, and even of resisting desiccation for several months, at the expira- 
tion of wdiicli time, if circumstances be favourable, it gerniinafes and forms 
a new plant. To such zoospores the name of ch'onizoospore Las been given. 
The foraiation of zoospores may take place in any or all of the cells of the 
thallus of the filamentous and foliaceous Confervoids ; it occurs in certain 
definite parts of the thaUus of the Phaeosporess, where tliere is a difference 
in the constituent tissues. It has not been observed in the lied Seaweeds 
or the Piety otacese — where, however, a distinct kind of organ is found, 
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called a tetraspore (fig. 610, c), which appears to be the representative of 
gemmiparous reproduction, — nor in Fucaceie, where the only known kind 
of reproduction is by sexual organs. 

Sexual reproduction has been made out clearly in Algjo belonging 
to the Confervoid and FucatJeous groups, and in the llhodo.spermea;. 
The Phaeosporeje at present are only known to produce zoo&pore^. The 
essential phenomenon throughout is tlie emifvsion from an antheridiuni 
of aiitherozoids which are endowed wdth a power of loconudion, and 
ultimately come into contact with a cell, wdiich, in coiivsoqiuuice, develops 
into a spore, which may he one of the ordinary cells of the thallus set 
apart for this purpose, or may be contained in a special fruit. 

In the Confervoide.'e, where the spoi’es are developed from ordinary 
cells, there are no special reproductive, organs ; the spores formed in tlie 
impregnated cells acquire thick coats (lig. 512,1'/), usually assume a red or 
brown colour, and are set fre^o by the dec.ay of the parent cell. 

In the Fucaceno the fructification is limited to dtdiiiite parts of the 
thallus. In Fncm or Jlaiidn/H (fig. 51]), which may be taken as ex- 
amples, the reproductive structun^s are formed at the ends of the lobes 
of the thallus. Externally the lobe {c.alh*d the receptacle) presents a 
thickened appearance, marked wdth num(‘rous distinct oritices ( lig. 611 ) ; 
these orifices ](uul to chambers imbeddtal in the thickness of the thallus 
(ciilled coricepfac/c.s, //), bcuiring on their walls c(dluhir sacs of two kinds — 
one, the larger {spore-sftes, <?), containing the spoi‘e-g'‘rms, the smaller 
{antheridia, c) containing spennatozoids {<!) or imprt‘gna,ting corpuscles; 
both kinds of sacs l.)urst and discharge their contents when ript‘, and 
the spores are fertilized and encysted whih‘, swimming freely in the 
water. 

The Khodosperrnem and Dictyotaceae, besides ietraxpores^ have spore^ 
sncff and anfheriduij mostly collected in “fruits” of diliiiite form, sonui- 
tiiin^s in patches or lines (sori) on Ihe siirfact* f)f the lhalliis, like the sori 
of Ferns, sometimes imbedded in dcliiiit.o groups in its substance (called 
favellrc), sumetiuKis projecting more or less from the surface or margins 
of the thallus (fig. 510, I), d, F), wIkmi they are naked or surrounded by 
a gelatinous or cup-like iiivolucn* ( farellidia^ coecidia, reramidln). The 
anilicridia are usually found arrangi‘d in groups in similar situations 
(fig. 510, F, a); and the fetraspores are either se.atter<>d or collected in 
fruits analogous to those coiitaimng the spores and autluiridia (fig. 510, 
II, c). The aiitherozoids are immobile, and fertilize, tln^ sporange by 
means of a special tube projecting fi-om the latter and called the iriclio- 
ipfue. 'rransibrmed branches c(>nlaining imbedded tcdnispores are called 
stiehidia. TJic sexual organs are often found on distinct plants, which are 
thus dioecious. 

The Oscillatoriacene are at present only known to incrt>ase by division 
— that is, vegetati vely ; the Phmosporeae, again, are only known to 
propagate by liberation of zoospores from spsa-ial cells of the thallus. 
The llictyotacege and the lihodosperme-je produce a peculiar kind of 
vegetative offset called a tetraspore, a body formed mostly in special loca- 
lities or in groups, and consisting of a parent cell divided into four cham- 
bers, the contents of which, when set free from the parent plant, grow 
up at once into a new thallus. Besides the tetraspores, they have spores 
and antlieridia. The antlieridia produce minute, ultimately free A'esicles, 
spermatozoids or antherozoids, according to Thuret devoid of cilia and 
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motioiilt’ss ; iJerbe.s, however, asserts that he has observed them moving* 
likt» undoubted speimatozcdda. The anthericUa an3 generally found in 
distinct plants from the 67 ?ore&-, and th&tetrasporesm a third series of forms 
of the same species. 

Where the st^xiiality of tl.u^ A]ga3 has been ascertained, we meet with 
thf3 proc(}.sa of fe(air.dulioii undt^r threes different forms, and these forms in 
subordinate modifications. ^Idio three forms of the process are : — Co«;V- 
{/afimiy or complete union of a sperm-cell and a germ-cell, originally 
iiiidlstingnishabJe from each ofher by visible structure, occurring in J)ia- 
tomacefe and some Confm’voidea*. : iWundation of naked f/erm-corjmscles 
hy ciliated upennafozoidsj which in the Confervoidete occurs within the 
parent cell of* the s])or(3, and in Fucac^em after both the germ-corpuscle 
and the sjiermatozoids liave ])e^m cast off by tlie parent; and I^ecimdation 
of naked yenn-ceUs hy 7 notionlc>^>i oooid or ylohnlar sper-mniozoidH throayh 
the irwdiant (f a special tahe or trichoyyncy as in Khodosperinea3. The 
importance (d* these, phenomena to the whole theory of reproduction in 
plants renders it necessary to give a particular account of the processes as 
occuiTing in certain w'(}ll-ascei'taiiied cases. 

Conjug:ation. — In J )iatomacere (including the Diatomeer and Desmidiece) y 
tlie ordinary inod(} of in all i])licatiou of the plants is vegtdative propaga- 
tion, hy division, resulting either in the forimifion of (a.)jinect(‘d “families ” 
of’c<‘lls (fig. 50*1, (.1) or of an increased number ol’ separate cells, or by the 
es'trmion (tf zoosporesy which are developed into new ctdls or cell-families 
(fig. 50«), ll, a). This kind of propagation goes on actively for a time 
under favoiiralde circumstance's; and the mere “division,” at least, may 
be compared to lh(5 vegetative* developunmt of more complex plants. 

Jhit at certain epochs this mode of increjise is exchanged for another 
kind, in wdiich -we have cooperation of two originally distinct cells to 
produce the new one, indicating that it is a ph(*iiomenon of sexual repro- 
duction, while at the same time there is no external evidence of difference 
in tlie concurrent cells. The genus Clostcrmm (tig. 50; 1, Jl, c) is iiiiilti- 
pliod vegetatively hy division, ov,/'VN7;iuroi<A’pro])agation ; at certain stages 
of existence, however, the cells wliich appear as if about to divide approach 
in pairs, and, a fracture of the, exfm*nal cell-membrane having taken place 
at the usual line of division, the contents of each cell, hounded by a pri- 
mordial utricle, escape, come into contact wdth each other, and become con- 
fluent into a mass which assumes a rounded form (fig. oO.'l, B, d). ThivS 
round body becomes cofited by a cellulose coat, and ultimately by a second, 
more internal. Its conti'iits change from a gr(‘en to a brown or yellowish 
colour: and the globular cell remains after the two empty parent cells 
have de< ay('d. Thi.s globular body, wliich passes through a stage of rest 
before germinating, is sometimes called a s^)orauf/e, not a simple spore, 
since its contents appear to become segmenti^d and divide into a num- 
ber of independent germs when the structure recommences active deve- 
lopment. 

An analogous conjugation of two cells takes place throughout the 
DemnidiecCy and it has also been observed in many IHaUmieee ; in all cases 
the product is a resting sporangial cell or frustule, i. e. a cell possessing 
more than one firm coat, which produces two or more germs when about 
to throw off those coats fo develop into a new^ plant of the form of the 
parent Conjugation exhibits many minor variations in the groups of 
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Desmtdiecs and IHatomedo ; and among unicellular Algse it has been ob- 
served in the zoospores of Botrydium. 

In Spirogyi'a (lig. ol2, A, «), Zygnema^ and Fig. 505. 

one or two other genera of filanieiiioiis Corifer- 
voids, ordinary growth by cell-division is ox- A 

changed for a process of conjugation at certain 
epochs. Two tilanieiits, lying side by side (Jig. 1/ 

512, A, 6), exhibit papillary elevations of the // 

cell-walls on the sides next their neighbours; 

these processes elongate until they come into / 

contact; they then adhere, and the septum 

formed at the plane of union becomes absorbed, 

so tliat th(5 two cells become connected by a 

tubular process, a kind of isthmus. The contents p ji 

of the cells meanwhile retract themselves from 7/ 

the wall, lose their spiral ap])earauce, and be- JJ 

come condensed into a mass ; then, in some cases, 

tlie whole contents of one cell travel through the ^ 

isthmus into the opposite cell (c*) ; in others, tlie " 

contents of both pass into the isthmus, which 

expands into a globular cavity in tln^ middh?. 

111 eitlier case the contents of the two colls b(?- 
come combined, and they form a giobnlar or on jiI 
spore, which produces two or three firm coats, 
enters a stage of rest., and remains after tln^ jia,- 
rent tilairnmts have decay<‘d away ( lig. 5 1 2, \,d). 

After a time, usually in the spring succeeding tlm 

formation of the spore, this germinates, bursting 

its coats and sprouting out into a new tilanuait 

lilce the parent ( tig. 51 2, A, c). This conj ugatioii K-y 

of i^jni'oggra and its alli(;s has long been known, 

and was without a parallel for many years ; but, 

as stated above, an analogous process occurs in te|g 

Diatomeiv and and other plants, and it KHr ' 

is essentially r(*hited to the processes of fecunda- '•ffj 

tion by spermatozoids luixt to be described. ifJ-7 

Fecundation by Spermatozoids. — The history H 

of the fertilization in (Kdogonium is one of tho B 

most curious points in the whole range of vege- 
table physiology, especially so as regards the W| 

male organs, which undergo a complex course of 
development as follows. ( )n the same plant that 
produces the ftmiale spore, or in some species on 

another individual, are formed special cells (EdogoniumcUiatum: A.ordi- 
called “ microgonidia ” or androspores.” The 

office of these cells is to produce ultimately an- o, c, sporanpia; B, B, an- 
theridia, in which latter spermatozoids* are droHpore8, on« bearing at « 

formed. The androspores are formed in the Ji^iichN^«*^dt4a^’efiTD! ex- 

ordinary cells of the plant, and escape from them tremity of the plant, 
by rupture of the walls of the parent cell as an 

Oldinary zoospore would do, and like it they swim about in the water for 


nairy celU, in each of which 
a zoospore (E) is formed ; 
0, C, sporangia; B, B, an- 
drospores, one bearing at a 
an antheridium, the ltd of 
wliich is detached ; D, ex- 
tremity of the plant. 
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a time ; b\it while an ordinary zoospore after a time germinates and forms 
a new thallus, the androspores attach themselves to the sides of the female 
spore or sporangium. 

In this situation they grow into a sort of prothallus; the lower part 
becomes dilated or pear-aliaped, wliile tlie upper extremity develops one 
or two small cells one over the other. These are the antheridia; and in 
c^ach of them is formed a spoimatozoid, the fecundating body. These 
latter, when mature, are ciliahid and butt against the top of the anthe- 
] idiiim, and at length cause its detachment in the shaj^e of a little lid. 
In this manner th(?y escape from the antheridium, move about for a time 
in the water by means of their cilia, and ultimately pass into the female 
spore through an o})ening previously specially prepared for its passage in 
tiu; summit of the female spore. Jlere the s]>ermatozoid comes into con- 
tact with a quantity of colourless granular mucilage formed in that situa- 
tir)n ])rior to ft'ciindation, the distention consequent on which seems to 
account for tiie forinatiori <jf the aperture through which the fecundating 
body pfisses. TJie spornjatozoid touches tlie mucilage, or even penetrates it 
to soim^ extent, and becomes blended with it, and thus fertilizes the spore, 
which suhsoqiumtly h(^com(‘8 inv<*Bted by a cell-wall in the ordinary way. 

VaiH'hvria is a ge.mis of lilameutous Confervoid Algm, in which the long 
brancln'd hlament consists of a single eiu.rmously developed cell. This 

Fig. 5(M>. 



ydant is commonly propagated by a peculiar kind of zoospore discharged 
from the thicken(‘d end of the filaunnit or of its branches. IJiit at certain 
epo(;lis lateral structures are developed at the sides of the filaments, as 
branch cells, which become shut olF from the main tube by septa; some 
of these processes expand into ovate and beaked or bird’s-head-sbaped 
bodies, otners into sliort curled filaments oi‘ “horns.” The former are 
sporauffeSf the latter anthendia (fig. 500). A\’lien ripe, the antheridia or 
“ horns ’’ discharge flioir cell-contents in the form of numerous spindle- 
shaped corpuscles, moving actively by the help of a pair of cilia. Mean- 
while an orifice is formed in the beak of the sporange, and some of the 
spermatozoids mak^^ tlicir way in, so as to come into direct contact with 
the cell-eontents. This phenomenon is followed by the closing-up of the 
sporange by a membrane, and the conversion of its contents into a fertile 
reMmrj-spore^ 

Sphan'opha is another genus of filamentous Confervoids, composed of two 
rows of cylindrical celLs, in which fertilization of the resting-spores by 
spermatozoids has been directly observed (Cohn), In some of its cells 
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the contents are converted into a number of globular bodies, in others 
the contents are developed into numerous spermatozoids. When mature, 
oiifices are forjjied in walls of the cells of both lands ; the spermatozoids 
escape from their parent cell, and make t heir w ay in througn the orifices 
of the parent cells of the spores ; the latter when fertilized produce their 
cellulose coat and ripen to restiug-spores, which are set free by the decay 
of the parent filaments. 

Analogous phenonuma have been recently observed in various other 
filamentous flonfervoids, as in Q^dogoniumj Bulburhccte ; and Cohn has 
described a similar procfjss in Volmx» 

The mode of fertilization in the Florideie, or lied Seaweeds, has been 
well made out by MM. Thiiret aud liornet, wlio thus describe the process 
ill JL'IminUtvra. A small cell, originating on tlui side of one of the 
dichotomous tilameiits of which tlie frond is composed, elongates, divides 
transversely, and becomes a short branchliT made up of four superposed 
cells, of wliicli the uppcumost alone conlinues to develop. Shortly 
there maj^ be seen projecting from tln^ summit of tliis uppermost division 
a little protuberance, which gradually Jengtliens into a long Jiyaline hair, 
often dilated at the extremity. "I’liis is tlu‘ fric/tof/t/fw or essential organ of 
fertilization. When the spermatozoids (hej*<‘ globular and motionless) 
come into contacjt with the up])er part of this hair they adhere to it. 
Then tlie cell whi(di forms the base of the Irichogyne swcdls aud divides 
into s(*gni('nts, and is soon transformed into a small ('(dlular mass, which 


gradually forms the young “ cystocarp or mass oj* spoi'es. 'Jdie trichogyno 
gradually disappears. In Ca/ld/iant- 


‘A 




7ii<m. the aggrc'gations of spores called Fig, r)07. 

favdUv. are formed from the side, 

not at the base, of the triidiogyne, 6 

in consequence of fecundation by lh(i 

motionless ant hiiro/.oids formed in 

the antlieridi 111)1 of one plant, escap- Imjplln 

ing and comingAnto ^ contact with 

another plant; and, as ^a result of 

divides and subdivides into a* mass 

The observations made by Tliuret 

on Fucaceie are very decisive. In , ~ WW 

this Order the concrjjfaclcs produce F'''' JTa y fir 

in their interior bodies of two kinds, ^ JSs*- ^ 

aniheridia (tig. 511, c) and spore^ " ' * 

(fig. 511, c), either together or in I^‘‘vrtopment anrl fertilization of spores of 

separate coaceptaclos (montecions), ^ anTZTriiWto 

or in separate plants. The anthe- sporos ; b, a free snore (devoid of cellu- 
ridia discharge 2-ciliated Hperinato- I”*’*’ B/»rpounrief 1 by sperraatozoids; e, 
7v 1-1 ' 1 inipreKnated spore with a wdlulosn coat ; d, 

(tig. oil, aj, which are poured the same germinating. Mugn. ItiO diameters, 
out thTough the pores of the recep- 
tacles (fig. 511, a) into the surrounding water. At the same time the 
spore-sac (fig. 511, e) bursts and emits an inner sac (fig. 507, «)? which 
may be observed 2, 4, or 8 (a) spherical corpuscles, destitute of a cellulose 
membrane j this inner sac breaking loose, bursts and discharges its cor- 
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puscle8, which, like the sperraatozoids, pass through the poi’es of the 
receptacle into the water. Here they become suri'ounded by a cloud of 
Bpemiatozoids (tig. 507, 5), which attach themselves to the surface, and 
by their ciliary movement cause the spheres to revolve. In the course 
of a few minutes, usually, a cellulose membrane is formed upon the 
surface of the globular corpuscle (by secretion from its primordial 
utricle?), and it becomes a cell (fig. 507, c), which subsequently ger- 
minates, growing by cell-division (fig. 507, d) into a new frond. 

I'hese observations upon tlie fertilization of the germinal corpuscles of 
the Algae are of extreme interest, both as offering examples of the process 
of sexual conjunction, and as affording, like tlie development of zoospores, 
beautiful illustrations of the theoiT of free-cell formation by the produc- 
tion of a cellulose coat around a naked primordial utricle after it has been 
completely s('})ai aled from the parent, — a phenomenon rarely met with in 
the higher plants, where this kind of cell-forinatiou can only be observed 
ill the interior of the parent structures, as in the embryo-sac of the 
Plunierogamia. 

In th(‘- conj ligating Algae we observe the new cell to be produced by 
the complete union of the entire contents of the sperm-cell and germ-cell, 
which are iindistinguishahle from each other. In the other kinds cited, 
iJie contents of the germ-cell become converted into one or more globular 
corpuscles, nidi men tary spores ; while the contents of the sperm-cells 
are developed into numerous minute corpuscles, usually of a spindle shape 
(not spiral), moving actively by cilia. The corpuscles of the germ-cells 
acquire a, cellulose coat and become cells ; the spermatic corpuscles dis- 
ajipeai’ after thev come into contact with the nascent spores, either dis- 
solving or becoming absorbed into the substimce of the latter. 

ClTAliACE^E. 

CJass Algfc, EndL All. Algales, Lindl. 

Eiar/nosis. — Water plants having vorticillafely branched stems, 
rooting more or Jess at the joinfs; flic stems either simple tubes, 
or with the cejitral tube clothed by a cortical stratum of smaller 
tubes which grow’ over the internodes from the top and bottom 
and meet so as to envelope it. lieproductive organs of two kinds, 
found on the u horJs of branches : — (1) axillary oval sporangia 
(^nucules), consisting chiefly of a central cell with a cortex of spirally 
wouiul tubes ending in a crown of teeth above; and (2) little 
globular antheridia {(jlohules\ sessile on the branches, bursting 
when mature into 8 triangular valves, the centre of each valve 
bearing a stalk whence arise microscopic, jointed, confervoid hla- 
inents, each joint of which gives birth to a 2-ciliated filamentous 
spermatozoid. The nucules fail oJI, germinate, and produce new 
plants. — Illustrative Genera ; Nitellay Ag. ; Tolypella.^ A. Br. ; 
Lychnothamniis., llupr. ; Cha^^a, L. 

Structure and Life-liistory. — The reproductive organs of this Family 
are very distinctly characterized, and borne in a conspicuous external 



ALG.®. 


445 


position. The two kinds, male and female, called respectively the globule 
and the micule^ occur either together on the same branch of the plant, 
on distinct branches, or on separate plants. 

Fig. r)08. 



Chara fragdis. — A. Portion of branch : a, adult, globule ; 6', nucule, c, its crown of teeth; 
^ sterile branchlets: X 50. B : a, globule in course of formation ; m k, young nucule; 
w, nodal cell ; u, basal coll between the base of the globule and of the nodal cell ; dr, 
cells of branchlet covered with cortt^x: X 350. (From Sachs.) 

The globule, or unfheridimn (lig. 508), i-* a spherical case conipt)sed 
of eight triangular segiiicutal })iece.s, each of which is formed of a number 
of cells radiating from a central one ; all these have red or orange con- 
tents, imparting a (jolour to the globule as seen in its natural condition. 
From the central cudl of eatdi valve projects inward an oblong cell, the 
manuhrmm (lig. 509). These eight cells meet in the centre together 
with the apex of a flask-shaped cell which enters the globule at its base, 
forming the pedicle by which it is attached to the branch. Where these 
nine cells meet in the centre is found a little cellular mass, from which 
arise a number of slender jointed filaments. When llie globule is mature, 
its valves separate, and each canies away its central cell, bearing a tuft 
of the jointed filaments. The cells forming the joints of these filaments 
are then seen each to contain a minute spirally coiled thread (fig. 609), 
which makes its way out and appears as a 2-ciliated actively moving 
spermatozoid, resembling those of the Mosses. 

The nucule (fig. 508, S) consists essentially (^f a large oval cell surrounded 
by a double coat and, outside this, by five spirally coiled and intimately 
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connected cortical filaments. The five spiral cells terminate at the summit 
in five (or ten) teeth ; and it appears that these teeth separate from each 
other at a certain epoch, leaving a free passage down the centre to the 
wall of the central cell. In this state we may compare the structure to 



KifeVa fpHHs.—A, nianiibrlum of sogniont of globulr*, M'ith miTooroim fUnments iti which 
tho Hnthtiruzoidg are developed; li, portion of filament, very highly magnific'd ; C, anthe- 
rozoida. 

an arrthegonium^ or to an ovule of I’hanorogaraia. The spormatozoids 
from the globule pass intci the canal hetweou the crown of teeth of the 
nucule, and cause it to become fertile. The prodiU'.t, however, of the 
fertilized central cell is not a free embryo or a spore, but it becomes itself 
the first cell of the new plant, like a spore. After fertilization the nucule 
drops off from the parent, piisses through a stage of rest, and in the 
following season germinates like a s(M>d or spores and grows up at once 
into a new plant. Pringsbinm, however, states that the spore develops 
a true prothallus like that of the ]\Iosses. 

Distribution, &c. — The Cliaracoie grow in stagnant water, and many of 
them acquire a dull aspect and brittle text lire by becoming encrusted 
with carbonate of lime, apparently precipitated from calcareous matter in 
the water, since it is often deficient in cultivated specimens. The un- 
encrusted kinds, the simple tubes of and the young shoots 

generally are well known as objects displaying in a beautiful manner the 
rotation of the cell-sap, which takes place throughout these plants. The 
abundant protoplasmic cell-contents cause these plants to give off a very 
offensive odour when decaying. The species occur all over the world, 
most commonly in temperate climates. They have no known uses, and 
are regarded as noxious from their smell when undergoing decomposition. 

EHODOSPERME.^ oe YLOBIBEM. Eed Seaweeds. 

Class Algas, JUndl, AU. Algales, Lindl. 

Diagnosis — (Eig. 510.) Marine Algae, mostly of a red-purple, 
rarely olive or brownish colour, with a thallus either foliaceous or 
of branched filaments, sometimes encrusted with carbonate of lime. 
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Keproduced by sporcjs (E) formed in sj)oeial sporangia, which aro 
either superficial or plunged in the frond, and contained within 
special cavities or “ conceptaeles ” (D) of varied form. The sporange 
is provided with a special tube, or “ trichoijyne^' by means of v^ hich 

Fig. 510. 



Oigat02ii.iiun of — A. Pait of a thailuH or frond of Luvreucia pinnaHfida. 

B. A luaeniftrd fraj^inonl. of a lobule with Btichidia <!outaiiiing tetraspurert like c, a more 
magriiiieu figure. JJ. Lobule of the frond bearing ceramid in. or Bj)ore-(!()neeptacleH ; d, the 
sporert. E. Spores from the same, more magnified. E. Lobule of a frond bearing anthe- 
ridia, a. 

it is fertilized by the iiiifJierozoid ; accompfinied by autheridia (F), 
containing a single motionless anlhorozoid wit.hout cilia, and by 
Utraspores (B, c), collections of 4 cells formed in special parent 
cells in similar situations to those of the spores. — Illustrative 
Suborders: — Subord. 1. BiiouoMELEAi: ; llhodonida, Polyd- 

phonia, Grev. 8ubord. 2. Laurexciea: : Laurehcia, Jiamx. ; Ghy^ 
lodadiu^ , Hubord. 8. CohallinevE; Corallim, Tournef . ; 
Melobeda, Lamx. 8ubord. 4. I)ELESSERiEiE : Delesaeria, Lamx. ; 
Flooamium, Grev. Subord. 5. SpujEUGCOCceas : Plncaria^ Nees ; 
SphoRvococcm, Grev. 8iibord. 0. Cjitptonemiejs : Phyllopjora^ 
Grev. ; Chomlrtis, Grev. Subord. 7. CEiiAMiEiE : Calliihanmion, 
Lyngb. ; Griffithda, Agh. ; Ceramium, Adans. Subord, 8. Poe- 
Porphyra, Agh. 

Structure and Llfe-hiatory. — In spite of the varieties of form presented in 
this Order, there is so close an essential agreement in their organization that 
they distinctly appear as members of one natural group, with characters 
whose value is only equivalent to that of some of the subdivisions of the 
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groups Fucoidere and Confervoideae of Harvey and others, with which they 
are usually placed parallel. The character of the spores seems to be the same 
throughout, although the fruits in which they are contained offer severtal 
successive degrees of complexity : t\ie favell re if Ceramiem^ and the/rtw/- 
lidia of Crtjpiomnmece^ immersed or superficial groups of spores surrounded 
by a hyaiine coat — the coccidia of l)demerie(e^ hollow cases with thick 
membranous walls, containing a dense tuft of spores arising from a 
central peduncle — and the cpramidia of Polyxiphonia <fcc., ovate or um- 
shapod cases with tldn and membranous walls, having a tuft of spores at 
the base — all these are but slight modificatious of one (the. conceptacular) 
kind of fruit, wliich produces the true sp..res. The variou.s modes of 
arrangement of the tfdraspotrs (which a])pear from Priiigsheim’s observa- 
tions to be (jonidia^ or gernmulary bodies, since they grow up at once into 
a new thalliis, while the other spores do not) — the scattered arrangement, 
the xori or definite groups, and the xfichidia or metamorphosed branches 
enclosing tetraspores, have a like relation; and an analogous relation runs 
through the modc'.M of arraiigcmieut of the mith ridia^ wliicli, it may be 
mentioned, are randy found m the same individuals of the species as the 
spores. The antheridia discharge minute spliei’ical corpuscles, to which 
the b(jst observers deny the power of spfmtaneous motion, as is the case in 
r(*gard to the s^pennalia of Lichens and Fungi: but they are generally 
su})posed to have- a fertilizing fnneuion. The simpler forms of thallus 
occurring in this Order relalt^ it to JJhi^ce, and (hnfervoUUai^ while the 
existence of tetraspores, globular spores, and antheridia in the I lictyotace^e 
makes that OrdiU’ form a direct transition to the Fncaccje. The mode of 
fertilization, by means of the antherozoids and the trichogyiie, is de- 
scribed under the head of Reproduction, p. 

Distribution. — The JLhI 8<*awcods are generally diffused, but diminish 
from warm tempei’ate latitudes both to the (Mpiator and the poles. They 
occur in deeper water than the Olive Seaweeds, and below tide-marks, 
flourishing best in quiet bays. 

Qualities and TJsos.— The abundant gelatinous or homy substance of 
the thallus of many kinds, coinpos('d of a modification of cellulose related 
to gum and stai’ch, renders them nutritions : Chondrus mnspus is the 
(hirriigeen ” or Irish Moss ; Ithodymeviia pedmata^ Iridma ediilix^ and 
other plants of the Order yield a similar excellent jelly when boiled. 
Phcaria fennx is largely used by the Chinese for makinor glue. Some 
have pungent qualities, as Laurnina pinnaHJida, called Pepper-dulse.” 
Ploraria IJtdminthochorton^ Corsican Moss, has the reputation of being 
anthelmintic. The CoraUinrte., including common Corallines {Corallina 
officinal^) Nullipores ” (3/c/e^cs/V/), long supposed to be of animal 

nature, are very curious on account of their complete interpenetration by 
carbonate of lime, giving them a brittle and sometimes stony character. 

Dictyotace.t: are olive-coloured Seaweeds with a continuous thallus, 
bearing the reproductive organs in definite groups or lines (sen) upon 
the surface — the spores, tetraspores, and antheridia being all developed 
in an analogous manner from the cortical layer, bursting through it-s 
cuticular pellicle. This small Order is included by Deeaisno in the 
Section Lamiuariefe of the Tiibe Aplosporeae, but has been shown by 
Thurct to be quite distinct from the other Olive-coloured Seaweeds ; it is 
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very interesting as presenting, in a special condition, exactly similar 
spores, tetraspores, and anihendia to those of the Uhodospenneje, whi(di 
they thus connect with the Fucaceje, with which they agree in habit and 
with which they were formerly combined. They belong ratlier to warmer 
localities, and are more delicate than the Fiicaci'je, sometimes, as in 
Padina, exhibiting at tractive colours. They are of no known use. — Genera : 
J)iefyota,l^m\iL.', PicfyojtteriSy Lamx. : Taonia, J. Agh. ; PadmUf Aduns. 


FlTCACIiLE. Sea-W«acks. 

Ciass Algm, PJmlL AIL Algnles, Lindl. 

Diaffnos^is . — Olive-coloured Sonwo'^ds of gelatinous, 
cartilagiiiouH, or horny texture, with 
a foliaceous or shrub-like or cord- 
like thallus, attaching itself to rocks 
by a simple or lobed and ramilied 
discoid basiJ ; friictilicatiou in mvy^- 
tuclcii formed out of Jobes of the 
fronds (a), the external surface of 
which is pierced with orifi(?os heading 
to ohainbtTS {comupUtcUs^ h) liiie(l 
witli filaments intermixed with sport'- 
mas (c) or filamentous (utthervlia (c), 
or both of these ; th(‘ oliv(^-(!olonred 
spores 4 or <S in a spor{‘,-sa(*, from 
which they escape vvlnui matnin*, and 
are fertilized by the active 2-cilinted 
corjinscnlar sjaTinatozoids (//) after 
they are detached from the parent. 

— Illust rative (leuera : tSarffafiKum^ 

Knm])h. ; Cyatoacira^ Agh.; UaUdrys^ 

Lvngb. ; 

itophyrusy Kiitz. ; FiiauSy L. 

Structure and Life-history. — Some of 
the filaments lining the coiicc.ptacles be- 
(tome, after a tinn^, swollen and filhal with 
brownish matter; this brown matter is de- Orfrani nation of Fufacro A. Ilalidrys 
veloped into 2, 4, or 8 spores, wbi(*li escape tiwif i nat. sizo : a, pode or 

from a small orifice at the apex of tlie con- tacih siioitii.f; the mouth of 5 coneef,- 

1. _l 1 lu.. V:4.„ V. _ 



ptacle, through which also subsequently taelc, the cavity of which is lined by 
• .... . . , anthcridia (r) producing spei — 

zoids {cl) and bj" sp ire-saca (<?). 


pass the tufts of sterile hairs which do (<;) producjnu sperniato 


not undergo metamorphosis into spores. 

Sometimes the antheridia are present in the same conceptacles as the 
sporangos ; or they are borne on a separate })lant fdicecifms). The antho- 
ndia consist of ovoid cells, some on braiiclietl threads and containing a 
whitish mass, interspersed throughout which are a number of red 
granules. The antheridia are ejected through the oiifice of the coucep- 

2 a 
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tack', and themselves jri VO oxit to numerous antherozoids, each provided 
with a couple of extremely hue cilia and containing* a red granule. 
Accordini? to our present knowledge the Fucacene are strikingly separated 
from the other Olive Seaweeds — from the Dictvotaceae hy the absence of 
tetras})ore8 and by the cluujicter of their antlujndia, and from the Phmo- 
sporem by the absence of the reproductive zoospores and by other points 
of organization. They appear to be alli(‘d to the Confervoid forms, 
through Plueoaporeff),* moi e closely than to 11 hodospermeae ; but their 
reproductive' organs are formed on a higher type. 

Distribution. — TTniversal ; especially found on rocks })etween tide-marks, 
or, if growings in deeper water, huoyed up tr> the surface by vesicular 
floats; very large in tlie Southern Ocean. 

Qualities end Uses. — 'l"he. gfdaiinous substance of which the thallus is 
compos*al renders some of these plants availahk' as food for man or ani- 
mals wliere hettf'i* productions are scarce ; hut their cliief value is as a 
source of iodine, extraeted from the ” or ashes, which w'ore for- 

merly an important sources of soda also. Tlu' Fun are also largely used 
for niarmr(‘ in inaritime localities. hacoifvrum forms the 

cel(‘hraled massifs (.»f ‘Otiilf-weed ” in the Atlantic Ocean. Fycits mi- 
cuJomKi tlH‘ connnon Uladdor-Avrack, giwvs t*v('rywdiere on our coast 
between tide-marks. 


P]T/F08P()EE.F. O hi v k Seaweeds. 

C/(fHs Algae, FtuU. All, A1 gales, Lindl. 

Dirtf/tio.ufi. — Olive-colon ml or brown Seaueeds with a foliaceoiis, 
shrubby, or branched tilamentoiis thallus : reproduced by zoospores, 
having two cilia., one diri^cted forwards, the other backwards, formed 
in clavate cells or multi cellular fiJainonts, collected in more or less 
definite groups on the cortical layer of the thallus of the larger 
kinds, in lat(»ral tufts or terminal on the branched filamentous 
kinds. — Illustrative Genera: 8ta.ckh. ; Laminaria, Lamx.; 

])ict}fosiphon, \ Fanctaria, Cjvqy,; JJesmarestin, Lamx.; Mip 

7'iotrichia, Ihirw ; Lyngb. ; Mifrionenifi,Grey,; Leathesia, 

Gray. 

structure and Life-history. — Tliis group corresponds to the tribe Lami- 
nariese of the group Aplospor('m of Decaisne. I'he genera included in this 
Order with highly developed thallus approximate to the Fucncem. wdth 
which they are soinetimes associated ; Init it has been discovered by Thuret 
that the so-called spores arc sacs producing zoospores, wdiich germinate 
and produce new plants like those of Confervoids : they are distinguished, 
however, from the zoospores of that grroup by the arrangement of the 
cilia, wdiich are here two in number, unequal in size, and take reverse 
directions as they leave the body of the zoospore, resembling, in fact, the 
form exhibited in the spermatozoids of Fucus, The size and number of 
the zoospores are not constantly the same in the same plant ; and in dif- 
ferent cases the organs producing the zoospores are large clavate sacs or 
chambered filaments, the number of zoospores in a cell being either de- 
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finite or indefinitely great, on account of more advanced segmentation of 
the contents. The mode of reproduction and the forms of the thallus in 
such genera as Ectocarpus &c. bring this Order very near to the Con- 
ferv'oidesB. Much obscurity still prev.ails here, since aiitheridia coexist 
with reproduction by zoospores in Ciitleria^ and appear to exist in Spha-- 
celana and CladostephuSf which also reproduce by zoospores. 

Distribution, Qualities, &c. — Much the same as in Fucac'em. Laminaria 
digitata and mveharina are oaten (under the name of Tangle) on the coasts 
of the north of Europe, as also is Alaria enculenta. 


CONFEEVOIDE.E. 8ij.k-weej)s. 

Class Alga?, EndL AIL Algales, Lindl. 

Diagywsis. — (Fig. 512.) Plants with a filamentous, nKunbranous, 
gelatinous, or ])ulveriilent- thalliis, growing in fn^sb or salt water, 
or on moist substances, of a briglit green or, more rarely (often 


Fig. 512. 



Organization of Conf«?rvoid Algae : — A. Filamento oiSpirogj/raquinina: a, in natural condition 
(magnified 50 diarnetera) ; b, two filamtjnta conjugating; e, a spore formed in one cell from 
the mixed contents ; rf, a free spore ; e, the same gerrminating. B. ProtococcM viridio 
(magn, 200 diameters) : a, a group of cells cohering by jelly-like matter; 6, four coUe 
formed by division of a cell of «, and two zooMiores escaped from one of the cells, sub- 
sequently settling down as resting-cells, c. 0. Cladophora glomeraia : a, filaments, of 
natural size ; 5, the top of a branched filament, magnified ; c, cells about to form zoo- 
spores ; d, the same, with the zoospores escaping from the uppermost ceU ; e, zoospores 
germinating into new filaments. 
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temporarily), red cjolour, reproduced by zoospores discharged from 
the ordinary cells of the thallus (j^, d)^ or by spores formed in 
these cells after impregnation by combination of the contents of 
two cells, either by conjugation (C, r), or by the transference of 
spermatozoids into the parent cell of the spore, the spores (C, d) 
passing through a stage of rest before germination. — Illustrative 
(lenera : Codium, Stackh. ; Lamx. ; Vauclteria, DC. ; 

Hatrydium, Wallr. ; Draparnaldia^ Dory; (Edoyoniimi, Link; 
^piroyyraf Link; Bphfvro 2 dea^ -Agh. ; Cohochcete, Erob. ; Hydro- 
diciyon^ E-oih. ; Vlva^ -Agh. ; Tetrafipora^ Dec.; Noatoc, Vaiieh.; 
Botrydina^ Brth. ; ClailmtcyHiis, llenf.; Pahnella, Agh, ; {AcJdya^ 
Nees); {Chytridium, Al. Br.). 

Structure and Life-histoi^. — The specialities of the very multiform gi’Onp 
represented by tlu^ above list of genera can scarcely be dt'alt with in a work 
like the present ; and, in fact, our knoAvlt‘dg<^ of the ('ssential characters 
of the plants is at the present time undergoing a thorough revision. In 
the delinition of the group of Cunfervoids hero, the OscillatoriacenB and 
the other permanently active forms are excluded. The Oscillatoriacea) 
ait^ organized in a very different way from th(‘ true C'onfervoids. The 
(Jonfervoids proper are mostly v('rv simple cellular organisms, with clilo- 
rophyll and starcdi in the cells while they are actively vegtdating ; the 
majority discharge the cell-contents in the shape of one or many active 
zoospores, with 2 or more cilia at a bealf-likc^ ('xtn'mity ( Vaucheria^ fig. o0(), 
p. 442), or with cilia all over the surface ; besides wdiich process, s(.‘xual 
reproduction has been observed in '/yynema by conjnyaiwn, in Otdoyo- 
niimij Spheeroplea, Vaucheria^ Bulhoclicete^ &c. ty spiuinatozoids derived 
from one cell entering tlu' cavity of the parent cell of the spore; and in all 
probability this will he found general. The mod(‘ of fertilization will h (3 
found described at p. 441. The spores foriu(‘d after fertilization become 
encysted in a firm coat, thrown ofT in gennination, which commonly ensues 
only after a long intcTval. The Valmelleer. are forms not } et well (‘Xplained, 
composed of solitary ct lls iinh(‘dded in a common mucus ; they appear to 
stand at the ]ow('st point of organization in the Vegetable Kingclom, if 
they he not stages of growth of higher forms (fig. 504, p. 4^17). 

The genera above grouped by I'rofessor Henfrey under the head of 
(kmfervoidefe are more naturally gi-ouped by Decaisne under several 
distinct sections of varying degrees of importance as follows : — 

1. Conferreej comprising plants consisting of tubes or cells containing 
ovoid spores provided 'with 2-4 vihratile cilia. 

2. Unicellulares, Plants consisting of a single coll producing numerous 
ciliated spores, which in Botrydinm unite by conjugation (fig. 508, E). 

8. (Eaoyimiece, Filamentous A]g«T, producing' spores either by the ag- 
gregation of the green colouring-matter of the cell into a splierofdal mass, 
which escapes from the paivnt cell by a special aperture in its wall, and 
is then seen to be provided with a crown of vibratile cilia, or as the result 
of sexual agency. The antheridia consist of filaments, each cell of which 
conttiins 1 or 2 spermatozoids, w’hich escape by the lifting of a lid-like 
valve of the cell- wall and fertilize the spore as above stated (see p. 441 
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4. VauchfiriecB. Unicellular Aljjse, producing two kinds of reproductive 
organs — the one resulting from the concentration of the green matter at 
tlie extremity of the lilameiits into an oval active spore covered with cilie, 
the other formed as a result of sexual agency. The antheridia appear in 


Fig. 613. 



t)l!3. l\‘ofocuccu.8 viridh, lltinfr. : a, group of cells, tlu* upper with eight in a linear 
sericM, those to the left (livi<ling; &, zoospores set fret* by the solution of the 
cell-wall; c, cell dividing into two zoospores ; rf, resting-oells ; e, zoospore with 
the cilia east off; /, zooBix>re. 

Fig. 514, ^almella nivalis, 

the form of small horns placed in the proximity of ovoid s])oraugia. These 
autht'vidia contain nunim-ous extnuiKdy minute spermatozoids, which es- 
caping fertiliz.e the sporangium and (hdermiin*, tlit^ formation of a spore, 
Avhich do(^s not germinate immediately, but only af ten* the lapse of srmie 
time (p. 442, lig.' 600). 

6. Synsporece or Conjuya^ce. Filamentous or unicellular Algm, repro- 
duced by tlie procujss ol con j ugation. 'J'liis group comprises the I lesmidieto, 
of whicii further notice will l>e found hereafter. 

0. Diatomawm. These are also alluded to in the following pages. 

Distribution, Qualities, &c. — Met ^vith universally in fresh and brackish 
water, some genera also on sea-coasts, growing on rocks, largo Algie, &c. 
Some of them occasionally apptjar suddmly in vast quantity, colouring 
lakes green ; or, as in the case of Pahnella nwalia (fig. 614), giving rise to 
the phenomenon called lied Snow.” Ihilmfdfa omenta (tig. 604) often 


present 

beautiful and varied forms under the microscope. Ulen ( manne) produces 
large membranous fronds, which are sometimes eaten under the name 
of Green Laver. 

OsciLLATOBiA.CE.a!! (fig. 603, A). Microscopic filamentous structures, 
usually collected into patches of definite or indefinite form, extending 
by peripheral growth, composed of continuous tubular sheaths enclosing 
a gi’een or brown gelatinous matter marked by transverse striae, where the 
substance is divided into longer or shorter pieces, often escaping from the 
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tube, ultimately resolved into discoid fragments, which, when free, be- 
come globular. The gelatinous core,” the vital part of the structure, is 
capable of a peculiar inovenieut, which causes the free portions or ex- 
tremities of the lilarnents to vibrate like a pendulum, or with a slightly 
vermiform oficillationy whence the name of the Order. Reproduction by 
spores unknown. 

Our knowledge of the essential characters of this Order is imperfect ; 
and the only mode of reproduction known is by simple division of the 
central substance cd* the tilaments, the portions slitting out of the ends of 
the sheaths and siicroting a now coat of their own. Their peculiar 
oscillating motion is one of the marvels of Vegetable Pliysiology ,* they 
appear to be tolally deslitute of (‘ilia. Their movements, and the nature 
ot their central substaiioe ( ap})ar(aitly do\oid of starch, and coloured by 
different matters besides chlorophyll), seem to indicate a relation between 
Oscillatoriacere and J )ia.tomace;e, Avhich would connect the latter with 
(Jonfervoids. TJitiy orjcur in water, fresh and salt, and on damp earth 
e very w]j ere. — Oenera : Osci/Morut, Rose; 3ficrocoleifSf Desinaz. ; Calo- 
Ihrixj Agh. ; llivularia, Roth. 


j)TATOMACE.E. 

(^lasfi Algfe, UmU. AIL Algales, Lindl. 

Duff/nosis. — (Fig. 503, B, C, page 430.) Microscopic unicellular 
plants, 0 (^(Mirring isolaleal or in groups of definite form, usually 
surrounded by a gelatinous invest metit, the cells exhibiting more 
or less regular gcKimetrical outlines, and eiudosed by a membrane 
striated or granular, eitlmr simply tough and continuous, or irn- 
])r(^gnated with siJox and se]>arai)]o info valves. Reproduction by 
spores formed after cojijugation of tlu^ c(‘]]s ((/), by zoospores formed 
from the cell-contents, and by division. 

Ij.lustrative SrnouuKiis. 

Subord. 1. Dksmidikje (fig. 500, Jl). CcU-inenihrmte tvithout silica^ con- 
tainiruj chJorophijll anil starch. Clostm’ium, Nitzsch', Cosmarinm, 
Meneph. ; Ihiastrum, Ehr. ; I*cdiastrum, Meym ; Besmidium, Agh. 
Subord. 2. DiAXOAiEiK (fig. 500, C). Cdl^memhrane impregnated with 
silex^ valvidar, containing a brown cohmring -matter. Eunotia, Ehr . ; 
Diatoma, 2>C’. ; Navicula, -Sory ; Isthmia, j Melosira, 

Affinities, Ac. — These organisms were formerly included among Infu- 
s(uial Animalcules ; but the vegetable chartu;ter is very strongly marked 
in Destnidiecc; and the reproduction by conjugation, characteristic of 
certain tribes of (Jonfervoids, occurs not only in Desmidiet^^ but in Dia- 
tomceCy which in respect to general organization cannot well be separated 
from the Desmidiecc^ although the nature of the cell-contents has more of 
the character of what we are jiecustomed to regard as animal substance 
The Diatomecc are also remarkable for the way in which thev divide by 
segmentation into a number of distinct frustules, each of which grows 
into a perfect plant. 
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Distribution. — Desmidie^e occur in all quiet pools of pure water, at 
the boitoiu or atlheriii^ to other plants. Diatomefe are luiiversally dit- 
liised, not only in fresli water, but in the sea and on moist ground, in all 
of which situations their sili(jeous cell-wails cause their remains to accu- 
mulate, if left undisturbed, until they form actual mineral strata. 

VoLVOCiNKuE are microscopic bodies swimming in fresh water by the 
aid of cilia arranged in pairs upon the surface of a common seinigelatinous 
envelope, the pairs of cilia each belonging to a green (H)i‘puscle resembling 
the zoospore of a Confervoid, imbedded m thii periphciiy of the common 
envelope. Reproduction by the development of each corpuscle into a 
new colony, tlie wdiolo being set fr<;e \v the solution of tlie parent 
envelope, or by cou^ ersion of the corpuscles into encysted resting-spores 
like those of Uonfervoids. These curious and beautiful objects, found in 
similar situations witli the Ci)ufervoids, apj^ear more closely related to that 
group of organic beings than to any form distinctly recognizable as mem- 
bers of the ^Viiimal Kingdom, the piTsistence of the power of motion 
throughout the period of veget ative life being the only animal (r*) character. 
— Genera: rolrox, Lam.; Ihndonua, Lhrenb. (lig. oOil, D) ; IStephano- 
,ydueraf Colin ; (ionium, Lam. 


Division II. Fungi. 

Cryptogamous plants consisting of long thread-like, tubular, gene- 
rally branching hyplne, or of branching series of cells in ter vn oven 
into a mass winch is in some cases microscopic in dimensions atid 
ill others of great extent, nourished on orgn,nie substances as para- 
sites or as sapropiiytes, and entirely dt‘stitnte oi* chlorophyll or 
similar pigments. Reproduction eifeeted by both sexual and 
asexual means. 


PHYCOMyCETES. 

Diagnosis , — Fungi consisting of a rnyceJium of long, densely 
ramifying tubes, and bearing both sexual and asexual organs of 
reproduction. The asexual organs of reproduction {zooi^porangia^ 
coiiidia, and sporangia) are functionally of equal value with those 
produced by sexual agency {oospores and zgguspores ) — that is, the 
oospores or zygospores (as the case may be ) ])roduce either zoospo- 
rangia or conidia or sporangia, and on the same plant, but a little 
later, either oospores or zygospores again ; the first or asexual 
class of these also reproduce both themselves and the second or 
sexual class a little later. 

This Order may be divided into three Suborders, in which the 
habits of life and growth vary. 

Suborder 1. SAPKOLE(;?irxE.i5. — Fungi growing for the most part 
in water, and chieily on the dead bodies of insects, and consisting 
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of a mycelium of long, densely iuterwoveii liypliaB, which bears both 
sexual organs — antheridia (male organs) and ooijonia (female organs) 
— and asexual zoosporan(/ia. I’he contents of the oogonia, when 
fertilized by the antheridia, are called oospores, and on germinating 
produce amycelium which bears tirst zoosporangia and later the sexual' 
organs. The zoos])orangia on bursting produce zoospores which, 
after a short motile state, come to rest, germinate, and form a 
mycelium which produces again zoosporajigia, and later the sexual 
organs. The zoosjjore, therefore, \\luch has an ns(»xual origin is, 
functionally, of e{[ual \ alue with the st‘xually produced oospore. 

Oos])(UVH 


ZoospoTHugi a ( )( )S])ovos 


Zoofporaiigia, t)<)spor('rt. Zoosp(»raiigia, Oospores. 

Ij-LFSTnATivn Gkneua : 7)//// /a?//, Noes ; Saprolefjnid, Noes; Aphann- 
nttfvatij J.)e liury j Addya^ Xeos. 

Structure and Life-liistory. — In tlio f< rnis which Priiigslieim mils iiu.n- 
(>‘cious the aiitlK'ridiii and oogonia are produ( ('(l beside eaeli other on the 
suiiie plant ; but in the others, iii>t antheridia and then oegonia. The 
oogonia are usiuilly situated at tlie end of short braiiclies of the mycelial 
by pine, and are veiy vaivdv interstitial. Jii the nioiurcioiis t\)rm8 they 
are globular cells, rich in ]>roto]>lasm, which is at tirst ecpuilly distributed. 
In ^aprokynia m<moi(‘a the cidl-meinhrane is res<;rhed at numerous places, 
and has a perforated ap])eannice. At the same time the protoidasm m’u- 
dually separates iiiU) si‘V( ral p«)rt ions, which he<*ome rounded oil' and float 
together in a watery Iluid within tiie o(»goniun», each bounded by a 
smooth superficies whieJi does not consist of collulos<‘. In Pyfhimuy 
Aphanomycra^ and several species of Saprolcynia llu! whole of the proto- 
plasm within the oogonioui contracts into «)ne of tliese globes, which, 
floating in the wuitery liukl, takcvS up its position in the middle of the 
oogonium. During the foriiiation of the oogonium, the antlieridia or 
antheridium, ns the case may be, grow' out from the same branch of the 
mycelium or from neighbouring liy])ha! in the form of thin, cylindrical 
crooked twigs, often w ound round the st«alk of th(’, oogonium. The upper 
ends adhere to the wall of the oogonium, swell slightly, and become 
bounded at the base by a septum. At the time of the formation of the 
globular bodies within the oogonium, each antheridium pushes through 
the wall one or more tubes, which open at the ]K)int8 and discharge their 
contents. These contents are minute motile corpuscles, scarcely 
inillim. in size, and are the lertilizijig spermatozoids. The gh.bular bodies 
after being fertilized are provided with a cellulose raembraiie, and receive 
the name of oospores. 

lu the dioecious forms (e. g. Saprolegnia dioica and Aehlya dioica) the 
oogonia and their globular contents are formed as in the monoecious 
species. The antheridia, on the other hand, aiv formed in thick bladder-lilte 
protuberances which arise at fixed times on the mycelium, and are divided 
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by transverse walls into a series of cylindrical cells, each of which reprt^- 
soiils ail antheridiuuj. In iiaproleynia dioica the whole of the protoplasm 
ot the aiithendiuni separates into numerous minute spermatozoids, which 
are discharged in a motile state from an opening in a narrow protuberance 
of the wall of the antheridium. In Achlya dioica the contents of tln^ 
cylindrical antheiidium are divided into a number of portions (of about the 
size of the zoospores of tlie species). These in their turn break up into 
small spermatozoids, wdiich emerge iirst from their special mother cells 
and t-hen from the antheridium, in the same way as in iSaproleynia dioica. 
The spermatozoids of both species move by moans of a long ciliiim. It is 
to be assumed, from the analogy of cl(»seJy r(‘latt,‘d AlycCj that the spernuito- 
zt-ids enter through the holes in the walls of tJie oogonia and fertilize tlie 
globular bodies by union with tJiemj but there is not enough direct evi- 
uence to warrant more than an assumption. 

The ripe oospores of l^aproleynia (so far as they are yet known) possess 
a membrane consisting of two coats, and produce germ-lubes aftcT a period 
of rest. They have also been known, but exceptionally, to produce zoo- 
spores after a short period of rest. 

{Suborder 2. Pehonospohe.e. — F ungi panisilicon living . Phane- 
rogams, and consisting of a inyi'eliuiu ol dtuiscly ramifying hypine, 
Which bears both sexual organs — (inlkeridia (male organs) and 
ooyonla (teinaJe organs^ — anil asexual coaidUt. They resemble 
strongly the preceding himWy., tSaprolcyniav, The mycelium wddeh 
raiiiilies vvilluii the liosl-piaut lirsl bears the conidia eiilier singly 
oil brauchiiig tree-like { Pi'ronospura)^ or in a vertical series on clul)- 
shaped (Vysiopns) c.onldiophorcs, which appear u[)Oii the surface of 
tlie atfected part of tlu^ bosi-jilaut. According to the species the 
conidia are either simple spores, which reproduce, the inycidium by 
emitting germ-tubes directly, or zoosporaugia (as in certain s])ecies 
of Pcroiwspxfra, PhptoplUkora iuft'sUhts^ and Cyslopas)^ the germi- 
iiatiug zoospores of w hicli give rise to a new luyccdium. 4'bis now 
mycelium in both cases produces conidia again, and later the sexual 
organs. The gerniinaiing oospores also [)roduce a mycelium, which 
bears both coiudia and, afterwards, the sexual organs. The asexu- 
ally-prodiiced conidia here (like the zoesporangia in the ^apyroiaj- 
niciy) are functioiiaiiy of equal x^aiuo with the sexually -produced 
oospores. 

Ooaport 

Conidia Oospores 

1 1 I “n 

Conidia, Oospores. Conidia, Oospores. 

Illustrative Genera ; reronospora, Cord. *, Phytophthoruj De Bary ; 
CystopuSf Lev. 

Structure and Life-history. — The reproduction of the Permosportxt so 
strongly resembles that of the monoecious forms of the ^aproleyniem that 
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a comparative description only will be necessary. The oogonia arise at 
the end of short branches of the myceliiim in the intercellular spaces of 
living Phanerogams, and resemble those of the monoecious SaprolegnietB 
both in form and in being rarely interstitially situated on the mycelium. 
The antheridiuin grows either on the same branch or a neighbouring one, 
and is also similar in form t(» those of the monoDcious forms of the pre- 
ceding Order. The process of fertilization is carried out as in it too, only 
that the protoplasm within the oogonium amslantly contracts into one 
globular mass. Professor de Haryrecords that he never found developed 
oogonia without an antheridiuin, and extremely seldom such as had two. 
The oospores germinate after a long period of rest, usually lasting through- 
out the winter. Two forms of germination have been observed. In 
(^yatopus cimd/dus the oospores burst and jirodiice the same number of 
zoospores as the asexual conidia (zoosporangia). In Peronospora Vnle^ 
rimiell^i the oospores produce each a gemi-tube which, by repeated rami- 
iication, Idrms a new mycelium. The conidia also, as already stated, 
either jiroducc^ germ-tubes or zoospores according to the species. The 
mvciilium of CystajmH is })rovided with numerous organs called hamtoria^ 
wLich, in the shape of small bladders, penetrate the cell-walls of the host- 
plant and extract the nourishment for the use of the fungus. 

'Jlie well-known potato-disease, is cniused by a fungus belonging to this 
family. It was, until lately, known as Pcnmospura in fcJitam ; but, in a 
recent work on the subject. Prof, de Jlary considered it to have separate 
generic characters, and it now bears the name of Phylophthora infestans. 

Suborder 3. Mucokini (lig. 1 1), p. 8). — Fungi growing on organic 
solutions, and consisting of a densely branching mycelium, with no 
transverse septa up to the time of fructitieatiou, and bearing both 
sexual organs and as(?xual sporunyia. The result of the union of the 
conjugatijig sexual bodies is called a zyijospore. The asexual s/>o- 
ramjia are here (like the similar organs in the two preceding orders) 
functionally of equal ^ajLle with the sexually produced zygospores. 


Zygospore 


S porangia Zy gi^spores 

Sporangia, Zygospores. Sporangia, Zygospores, 

Ir-LusTUATi VK Gknera : Mticor, JMich. j Syzyyites, Ehrb. j JRhizojniSj 
Kiirb. j IHlobulitiiy I’od, 

Structure and Lifo-histoir. — The sporanpia are similar in function and 
in some degree in structure to the zoosporangia and conidia of the Sapro- 
h<piic<xi and Peronosjftoi^ece. They appear at the end of sporangia- bearers, 
which, up to the time of fructiiication, are, like the mycelium, without 
septa. The spores contained by the sporangia germinate by means of 
germ-tubes and form a mycelium by repeated ramitication. This was for 
long the only form of reproduction known in the Muco7nnii and it is only 
in recent times that the researches of Professor de Bary and others have 
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brought to light another and a sexual means of reproduction, which is 
describtjd in tne cases of lihizupus niyricam^ Ehrb., and iSyzyyitiis meyah- 
carpus f Ehrb. These cases are, with the exception of unimportant details, 
similar, and it will be sutiicient to describe the process as it occurs in the 
former. The conjugating cells of Ithizopiis 7iiyricam are elongated, stout, 
irregularly branching and interwoven tubes. Where two meet each 
pushes against the other a protuberance, at lirst cylindiucal and of equal 
thickness with itself. They remain closely attached and soon grow to a 
considerable size, in thickness chieily. At the end of each a separate cell 
is formed by the growth of a partiiion. These two cells are usuall}" of 
unequal size — one as long as it is broad, and the other only half as long 
as its breadtli. The origiind membrane which separated tlieni now be- 
comes perforated in the middle, and soon vaiiishos altogetljer; the two 
conjugating cells then unite and form a zyyosporCf which increases rapidly 
in size, and usually attains a diameter ol over one lifth millim. It is, as a 
rule, drum-shaped ; tlie tmds smooth, and the free surface clothed witli 
wart-like protuliierances. The coiileiits are of cotu’sely granular proto- 
plasm, often accompanied hy large drops ul‘ oil. The germination of the 
zygospore, as observed in iSyzyyUcSj is hy means of a germ-tube, which by 
repeatc^d dichotomous branching, at the expense of the stoied-iip matter 
in the zygospore, soon forms a new myci^liiim bearing asexual sporangia. 
Ihofossor JStrashurger has very recently proposed the name of yametes 
tor the conjugating cells, and zyyote for the zyyospore. l^rofessor de 
llary has fiuther suggested that when the yatnr/f's are stafuman/j as in 
this Order, they should bo called aylanoyamcteAj to distinguish them from 
motile conjugating bodies found in Alytc^ which he would call plaao^ 
yametes. The substitution of zygote for zygospore is on the ground that 
the organ in question is not tlie equivalent of a spore ^ but of a fertilized 
ovum. This noiuenclaturo, if accejited (audit is time that some such 
rational system were introduced), will necessitate the substitution of other 
words fur the terms oospore, iV:c., in other Orders. 

The Miworini aie usually to be found growing on horse-dung and de- 
caying substances. 


HYPODEliMll. 

Diagnosis , — Fungi parastlic on living plants, and consisting of 
a mycelium of interwoven hyphse bearing asexual organs of repro- 
duction (^spores ) either in deliuite or irregular receptacles. 

This Order is divided into two fciuborders as follows : — 

Suborder 1. Ukedine.e. — Fungi parasitic on living plants, and 
consisting of hyphaj woven into dehuite fructiferous receptacula, at 
lirst situated beneath the surface of the affected part, but at lengt h 
bursting out. The reproductive organs are of an asexual cliaracter, 
no sexual organs being as yet known, and take three consecutive 
forms, arranged so as to form a cycle of generations on two 
different host-plants. 
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Tuleutospores. 

^cidium-spores accompanied by spermogonia. 

Uredospores, and later on the name mycelium 
teleutosporcH again. 

Ii.LusTRATivE Genkra : Puccvnidy Lk. ; A'cidivm, Lk. ; Uromyc(% Lev. 

Structure and Life-history. — The life-cycle of thet-e parasites begins with 
tlie genniinilion of the teleutospoves — thick-walled spores situated at the 
end of filiform hnsklia^ either singly or in pairs, according to tlie genus to 
which they belong. 'J’lnj germination takes place in spring, and consists 
in the emission of a g(U’ni-tube, which rapidly forms a promycelium bearing 
thre(} or four s})oridia. Tliese sporidia alst) soon push out germ-tubes, which, 
if on a suitable host-plant, penetrate the epidtmiiis-cells and form a myce- 
lium within the par<‘nchyme. After a few days this myeeliiini begins to 
form a new friK-titication under the epidermis of the host-plant, wliicli even- 
tually bn^aks out under the forms of tlie /Kcidia and their constant (;om- 
panions the spt'rniogonia. Tlie latter appear first. Hound them, or 
irregularly among them, are the yEcidia. The sperniogonia are in shape 
small imrrow-neelo’d sa<*s of the same colour as the ^duddia. They were 
formerly believed to be ilillerent s]',eci(*s of Fungi from the yFcidia, but 
Tulasne has sliowii that they btdoiig to the same. In them are found 
iiiinute bodies, called sptTiualia, which Tulasne btdieved to be male 
organs (spermatozoicF), since he found them incapable of germination ; 
but no feinale organs bavt^ as yet bi'en found. It was also suggested that 
they stood in a st'xual relation to the ^lOcidia, nemr which they are con- 
stantly found; but Hrofessor do Huiy has cultivated true ^Kcidia, the 
spores of which germinated, on a plant on which was found no trace of 
s])(‘rniogonia or speiiuatia. Tiio subject is at prc'seiit wrapt in mystery, 
dlio yhlcidia consist of at first round or oval, and after bursting basiii- 
sbapc'd receptacula, the walls of wbieli an* composed of pseudo-paren- 
cliMiie (short, pcdybednil, closely fitting mvcelium-cells). At the base of 
this body is tlu' liyinenium — a circular layer of short, cylindrical, club- 
shaped ujnight basidia, on each of which rc‘sts a series of spores in regular 
order, one above tln^ otlic'r. Tlie spores are tif a round polyhedral form, 
and tilled with protoplasm coloured red c>r yellow by oil. On the burst- 
ing of the eiichising periclium of pseudo-partmehyine the spores are libe- 
rated in a slate capable <d‘ gerniination, which takes place in the f(a’ni of 
short crooked germ-tubes that jienetrate through the stomata of the next 
host-plant, and form rapidly a new mycelium in the intercellular spaces. 
Again, after a few days, this niyceliiira forms a new fructification — the 
llredo. The IJredo is at tirst of the shape of a fiat circular cushion lying 
immediately under the epidermis of the affected part. On it arise liliibrm 
basidia, eacli tif which bears a round or oval spore — the Uredospores, which 
during their fonnatioii break through the epidermis. The tiredospores 
j^erniinate rapidly and reproduce tlu niselvcs constantly, and to this quality 
IS tlie rapid and extensive spreading of this disease to be attributed. The 
same mycelium which begets the Uredo, afterwards forms the teleuto- 
spores from which we startc^d. The teleutospores hibernate and germinate 
again in spring, as we have seen, and so every year the disease passes 
through the same cycle of generations. 
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The host-plants affected by the same species are usually of two very 
different kinds. The teleutospores and tJredos]>ores affect chieffy the 
and prove very destructive to that iisoful order of plants. The 
^ Kcidiunispores arc not so much confined to one' order of plants, but affect 
usually the Compositfc^lianunciihcf^rey Leguniinosceyim^ Lahiafce, to wliich 
they are by no means so destructive as the teleutospores and uredospores 
are to the Graininecn. 

Until rec(‘ntly the different generations of tliese Fungi were taken to 
represent dillcrent, genera, and even now they are, we need not say erro- 
neously, so described by many mycologists on the plea of convenience. 
The Jficidiuiiispores represent the genus the Un*dospores 

“ Ureilo,^^ and the teleutospores Pucotmn,'^ and Uromj/ce't/^ Eacdi 
generation of each sp(?cie8 has its peculiar host- plant, and of a not incon- 
siderable number there is (mly known one or two gtmerations — the 
only in some cas(‘s, and the Urcih and Pucoinia only in otliers. 

To M. Tiilasne and l*rofessor de liarv belong chiefly lhe»lioiiour of 
having worked out this remarkable life-liistory. 

Suborder 2. IJaTiL/VtiiiNE.K. — Fungi parasitic on living plants, 
and consisting of interwoven hvj)ba3, wliicb lusar asc'xnal spores 
irregularly. Spores sooty-coloured, oilluT solitary, in s(M’ies, or in 
juass(‘s, at first (niclos(‘(l, but at length bursting rnit and escaping 
easily, from tlu* slender nature of the thn^ads which bt'ar them. 
The whole lite-eycle, so far as yet known, consists in tlu^ forma- 
tion by the giwminating s]H)res of s))oridia, which, on siiila-ble bost- 
jdaiits, germinate and form a myc(*liinu on wliich the spends are 
again directly formed. — Illustrative (lemu’a : Ustllaifo, J^V. ; Til-- 
h'tUl, Till. 

structure and Life-history. — The habit of life of this order is similar to 
that of the preceding one. In it the life-history, so far ns it go<*s, is also 
of the same nature. AV hen the spores, wdiich correspond to the /!c/cu7,o- 
ifjmrs of TJrf'ditif'fV, germinate, a, pmmycelium is formed as in that Order, 
hearing sporidia, in some easts sessih* and in (»tliers slightly stalked. It 
appears also that succ(ssive sporidia may be fornu'd nt the same place. 
^I'liese sporidia germinate in the usual manintr and form a n(‘w mycelium 
in the tissues of a suitable host-plant, which myce.linm dirtHitly produces 
again the spores from which we, started. The Thtiliiplw're are vtry in- 
jurious, especially to tin*, Graminvrf:. Kuhn and Iloffiuann (dismwed that 
the sporidia attack the axis of the gt*rminating plants, in which they de- 
velop a mycelium, uhich is carried up with the grtnving plant, and 
ultimately produces spoT(‘s in tlui fruits and caus(*s tlnur destru(;tion. The 
power of producing successive sporidia tends largely to cause the plentiful 
distribution of the (Jrder. 

BASIDIOMYCETES. 

Diagnosis . — Fungi grottiug on dead organic matter and stumps 
of trees, and consisting of hyphte interwoven, so as to form a fleshy, 
gelatinous or \\oo:ly tiiallus (vulgarly cou8id(?red the plant), but 
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which is the receptacle of the hymeniiirD. JTymenium bearing 
usually quateriiately asexual spores at the apex of erect basidia. 
Spores reproducing the plant directly without the intervention of 
any intermediate geiK^ralion. Mycelium comparatively small and 
floccose. The Order may be divided into the following Sub- 
orders : — 

Suborder 1. TjiEMi:T>iiiNi. — Fungi growing on stumps of trees 
and on the ground, of a gelatinous consistency, wilh sometimes a 
denser nuchms, iinmarginate or cup-shap(3d. Ilymenium bearing 
two distinct kinds of basidia in different geiu‘ra. Spores reniform, 
in some cases divided, and in others not. — Illustrative Genera: 
7'remella, Dill. ; Davryinyccs^ Nees. 

Structure and Life-history. — In the genus Tremelhi the basidia are 
at first suhglobose or (piite spherical, and divided from top to bottom 
into four eqiud parts. Tlu^sc^ s(‘gmenls oitlier remain united or become 
divergent fi'oin each other, while fh(‘y grow out to tlui margin of the 
fungus in the form of long liy})h[e, and produce there generally undivided 
ancl kidney -shaped spores. In Daerymyces and Gneyima the basidia 
are at first claviform, but siibsoquimily grow out in the form of two thick 
diverging arms, on each of wdiich is prodnet^d one reniform spore. 

There are usually ])r(*seiit in theses plants in great abundance very mi- 
nute spherical or ovoid spermatin, produced in regular s])ermatophorous 
apparatus. Their fuiKUion is unknown. The ordinary spores reproduce 
the plant directly. I’lie coirdstencfi of these plants is very gelatinous and 
collapses on drying. If, liow’ever, they he placed in water, they very soon 
absorb it, and b(‘come again distended "to their former extent ; and this pro- 
perty is found to be of great us(‘ in examining old specimens. 

Huborder 2. IIymenomycetes. — hlycclium floccose, giving rise to 
a Huperlicial hymciiium on wdiich are ])i*oduced clavate hamUa 
bearing at the apex usually qnaternalcdy, slightly stalked, or 
sessile spores. The substance of flie jilants varies from gelatinous 
to woody. — Illustrative Genera : Ayarievs^ L. ; Boletus, Ft. ; Foly- 
porus, Fr. ; JJydnum, L. ; Corticium, Fr. ; Clavaria, L. 

Structure and Life-history. — This group is the host known of all the 
Fungi, and includes the common iM ushroom, to wdiich all its members bear 
more or less resemblance in organization and reproduction. The common 
form is that of a pilous raised upon a stalk or stem, and bearing on the 
nnd(?r surface lamelhe or gills (-ir/ffr/c/w?), pores or teeth (Ilyd- 

nacei), on the surfaces of which are situated the basidia, wliich bear the 
spores (fig. 51/5). The spores are the only reproductive organs and, so far 
as is vet known, are asexual in their origin. On germinating, they give 
rise directly to a new mycelium, which bears again the spore-producing 
plant. Attempts have been made at different times to discover the exist- 
ence of a sexual agency in the production of these spores, but as yet im- 
successfulh’. Among the basidia are seen otlier cells of similar shape and 
usually larger size, called cystidia ; and it was at one time contended that 
they were male orgnns, but no special function seems to belong to them. 
They are probably only barren basidia. The mycelium is entirely, or 
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nearly so, imdorprround, and that part which is commonly called the 
fun«:u8 is the receptacle. 

The Af/arimii are diatingiiiahed from the other TTy menomycetev's by the 
hymenium beinj^ always interior, and spread over the surtacci of '<rills 
which radiate from the stem. The g^ills may be either simple or branched, 
and attached to or distinct ^ 

from the stem. The spores Fig. olo. 

vary in colour; but one colour B 

is constant as a rule to a genus, cpp - — —n 

unless in the case of the large 

genus AffaricuSj where the AY jlif 

colour of the spores is used as ai pp Ei^ rlM 

the basis in forming gi'oups of f i f 

the different subgenera. "J'he d l ^ n/^ i 

stem is sometimes t artilagi- n. Mir c wmT ^ 

nous, and soinetiiues ileshy, 

and also varies in colour, but 

according to the sptHutJS and 

even to its age. There is to 

be found on the stem in some . 

nnrl <5iib<reiiprfl arino- The Mushroom (/l,i7/*?uciw caw?J/*J» 0 'iVj) A. Fruit, 

geneia ana sungdiera a ring Hhowint? the t xi>ansion from the ro/m. and the 

or Wiilcm is all that veil tearing awav arul leaving the nnnuluHi. 

remains of a veil or covering 3 J. Seofaon (.f ‘‘gihs/’ ju»gnin(‘i| (liiiTn<!fc«*r^ 

(relum paHiule) which united 
that part tif the stem with 

the outer edge of the caji or pileus, hut was ruptured on the expansion 
of the latter. In certain subg'eiiera of Ar/arirm ((*,. g. Volvarin, Ainanira) 
the whole fungus is euc]os<‘d at lirst in a volra {rdmn tmim*mle)^ 'which 
on bursting falls away and is indepmident of the cuticle on the upper sur- 
face of the pileus, but reiuains attached to llie base of the stem. Some- 
times, as ill Amanita^ both forms of viul ar<‘ found togetlier. The s+em 
is not always cmitral, b\it is also found to be eccentric and even lateral, 


as in Vleurotm^ in which it is usually very much suppressed. There are 
more esculent speci<\s of Ayaricmi than of any other group of Fungi. 
The species are usually terrestrial in habit. 

In the Pohfporei the hymeniuni is s])read over the cavity of tubes or 
pores, and is in some cases inferior and in others sn])f‘rior. The texture 
of the plants is, as a rule, more cartilaginous and woody than that of the 
Agaricini. The genus lioktm has the habit of an Agaric, and usually 
its central stem and texture. Thehyraonium is distinct from the hymeno- 
phore, from which the tubes are easily separated. The genus PitJyporun 
IS, on the other hand, different from the Agarieim in habit — the stem 


when present being usually lateral, and the texture of the whole often 
very woody. The hymenophore is not easily separated from the pores. In 
the resupinate forms the pores open upwards, and the habit of the fungus is 
crust-like. The species of this genus grow, as a rule, on stumps of trees 
and other woody substances. 


The hymeniura of the Hydnaeei is inferior or amphigeous, and spread 
over teeth or spines, 'which are soft, usually of the shape of an awl, and 
distinct at the base. Some of the species are in the form of a stalked 
pileus with the teeth on the under surface, while others resemble the 
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iHiRupinate forms of Polyporn, Several of the species are fleshy and 
edible, but others are of a corky texture. 

In the Aiirimlarini the hymenium is roniiiient mth the hvmenophore, 
which is even and very rarely reined. The habit is generally the same 
as in the Polyooroi. 

The hymenium of the Clm'nrinei is, scarcely distinct from the hymeno- 
phore, find is amphi^rcous, and reaches to the apex of the plant, which 
IS sometimes club-sliMped. and sometimes in the form of spines usually 
prowinpr together at the baa(^ The surface is at iirst smooth, but becomes 
wrinkled afterwards. The plants are nevc^r incrustinpf nor leathery, but 
are usually at first iyehilinous and afterwards horny. It is said that 
several species are esculent. 

Suborder 3. Gasteuomycetes. — Tnnp forminc: roundish ansfio- 
earpousrecepiacles consisting!: of an oilier layer or peridiiim enclosing: 
masses of tissiu^ on x^ lnch are borne the hvmonin. The spores are 
borne at the points of basidia, one ])asidinin often producing: as 
7n/my as ei^^lil* spores. The spores are liberated either by tlie simple 
bursting of the peridinm, or by ibe dev(d()[)rnent of particular 
masses of tissue. — Illnstrafive Genm'a : Phnlbis^ L. ; Lijcoperdoit, 
Tournef. ; H ymenoyds^Ur Vitt. ; Nid alarid^ tV. 

Structure and Life-history. — In l^hnllu'i the, peridinm resembles the 
universal yolva of sonu' Ajrarics in tbf‘ wav in which it envelopes the 
internal part of the receptacle, and also in its manner of biirstinj)*. 
Within the volva is a gelatinous stratum, and within that again the 
liyrnenium, which is very (hdiqui^scent and co^'ered by an inner peridinm. 
On the bursting of the peridinm for volva) the liyinfuiium is elevated in 
a sort of pileus by a stalk, as in the volvnte Af/aricim. In Clathrus^ an 
allied genus, the receptacle forms a erlobose network. In Patarrea there 
is also present a universal volva, and tb(‘ livmenium is similarly elevated ; 
but in Lyenperdon^ llymenoynafn^ Aidtdana, See., the bursting of the 
peridinm sets free the spores without any such olovation, the hymenium 
remaining in the interior. The spores reproduce th(' mycelium, on wliicli 
the same plant grows again witliout any inferne'dinte stage as far as is 
known. The IhifT-balls (Lyctqwrdon) and Stink-horns {Phallus) are 
typical of this Order. 


ASCOMYCETES. 

Diagnosis . — Fungi growing chiefly on the dead parts or remains 
of ])lants, more rarely on living plants or organic solutions. The 
spores of this Order are formed in asci by free cell -formation, 
nud are distinguished by the name of ascospores. From the germi- 
nating aseos])ore there proceeds a mycelium consist ing of densely 
branching hypbsD, which develops either within the host or spreads 
on its surface, and is sometimes short-lived, and sometimes per- 
sists for years. In most cases it is in a position to produce 
asexual reproducti\'o organs — ronidia^ stylospores, and spermatia. 
The conidia are borne on conidiophores or special branches of the 
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mycelium, and the stylos pores and spermatia are formed in special 
conceptacles (pycnidia and sperniogoiiia respectively). The myce- 
lium is extensively reproduced by these asexual organs, and in 
many species they are the only reproductive organs known. In 
all cases, however, in which the complete life-history has be(*n 
1‘ollowed the same mycelium has been found ultimalely to produce 
s(‘xual organs, and, as a result of the fertilization of these, a 
fructi(i(‘ation, in the asci of which are formed the ascospores. This 
completes the cycle of geiieralions. 

This grou 2 J is divided into the following Suborders : — 

Suborder 1. Discom V(Wes. — Ihingi living on dead organic 
bodies, and forming on th(j branches of the mycelium sexual organs 
— the carjmr/oniniii (female) and the polliaadiuin (male). Trom 
th(‘ ferti]i/(Ml carpogonium, or, as it is then called, tlau’e 

arise the asci in which the ascospores are fonnetl. Tlie ascospores 
germinate and n^produce th(‘ mycelium. ^J'he hymeiiiuiu is super- 
iicial, and on it are aJways thc^ asci, and Tisually paraphyses, con- 
sidered by soim* authors to l)e abortive asci. — Illustrative (hmera: 
J/i'lvdla, L. ; Motrhi'Ud^ Dill. ; I*eziz(t, Dill. ; Iknnalia, Dr. ; Pa- 
tidlaria^ Dr. ; Phacvliion^ Dr.; JStivtis, Dors. 

Structure and Life-history. — The life-liiMory of Ascoholas^ as dc^tailod 
by .Jan(!Z(!W’sky, is typical as regards J hs(;()niyc(‘tos generally. In it 
the pollinof/itan and tlu! carpof/on.'tan consist each ol’ a seric's of short 
crooked cells arising on iieighhonnng branches of the mycelium. "Die 
tliin (*rook(?d C(‘lls of the pollinodium embrace tlio more rmiioto end of tlie 
sausage-shaped i'ar]K)gonium, and in this way the ferliliz.dioii takes place. 
In consequence of fertilization, one of the cells in the middle of the earpo- 
gouiuiii glows larger tlian the others, and h'^comes globular in shape; it 
is distinguished by tlie name of ascogonium. d’lie ascogonium then sends 
out iminerous hyplia* on which are borne llu^ flasli-sliaped asci, and in 
tluun the ascospores, 8 in number. The hyiilue of the mycelium on whicli 
the sexual organs are borne produce by ropeated cell-division a d(‘nse 
mass of psmido-pareiicJiyiue, wliic,li surround.-, tlie carpogonium and forms 
the sterile part of tlie fi iictiticalioii. Tin* parapliyses wliich aro borne on 
the same hyplue with tlie asci are situated between tlie latter, and may 
.serve, accord. iig to Jioudier, to assi.st in .some way the dehiscence of the 
asci ; they arc geinnally regarded, however, as abortive asci. The whole 
fructification is cup-sliajied. 

"J'lio, .sexuality was tii*.'-! di.scovered in the Ascomyci.‘tes by Profe.ssor de 
Ikny in tlie case of Pvzha amflunis. Tlie process of fertilization, Ac,, 
though difleiing in this ca-e from that described above as occurring in 
AfiroboluH^ agn^e.s in all essential details with it. 

"riime are certain specio.s of Peziza the mycelium of which forms 
conidia, and tlui unripe fruit is represented by a resting sclerotium. This 
has been observed by Prof, de iiary in Peziza Fuckvliana, In it the conidia 
are formed on the mycelium prior to the sclerotia, and repi-oducc the my- 
celium extentively, No sexual proce.ss has been observed in connexion 
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•with the fonnation of the Rclerotia, whicli consist of a dense mass ot 
hyphae enclosed hy a black rind. If the sclevutia germinate shortly after 
their formation, tlie result is a mycelium which bears conidia again ; but 
if germination is delay<‘d for a month or two, a basin-shaped h\menium 
is formed, on which asci containing ascospores arise. I'his form of fructi- 
fication is that commonly known tus Peziza Fmhvliana. 

Tlie spermatia borne in the spermogonia have, until lately, been Mieved 
to be im:apable of germinatio!} ; ])ut M. ( ■orun states that he has caused 
tliem to germinate and produce a mycelium like the conidia. In Peziza 
and the allied genera the whole fnictiti cation is basin -si japed, with the 
hymeiiiura on the inner snrlace of the hasin ; hut in otlier cases, e. g. 
ikorchdla, Jirlvella^ Simthularin^ Oeoffloxfiinn^ X'c., it takes tlu^ form of 
clubs or sialkiid caps of con.-iderabh* size with the hymeniiim on the outer 
surface. Our pres<!nt knowlonlge of the pr(»cesses of fertilization, &c., in 
the Discoiiiycetes is the result of the labours chiefly of Tulasne, lie 
Birv, and .lanczewsky. 

TIk^ species of MorcJtella and JPlvella are, as a rule, esculent, hut none 
of tlx** other forms of Jliscomycetes have attained any reputation for this 
qiijilily. 

The genus Gi/mnoascm is an assemhlaire of small and very simple 
Ascornycetous Fungi growing on dung. Its mycelium begets miinerous 
sex?ial orgjins, whi(!h, up t(» the time* of fertilization, ar(5 (mak* and female) 
exactly alike. After fertilization tin* carpogoninm divides into a series 
of cells, from which there grow out short, lu'anched cells, on wljioh the 
asci containing 8 spores are bfune iji abundance. 'Jdie fVnctitication is 
quite destitute of a covering. Though not agreeing with the general 
cliaractei’istics of the Discomycetes, it is yet more nearly akin to them 
than to any other forms of the Ascomycetes. 

Suborder 2. Ertsipiieie (fig. I B, p. S.). — Fungi growing on living 
plants and dead organic boclii*s, and consisting of a mycelium wbieh 
spreads on the surface of the Imst aud sends into it numerous 
haastoria ; forming small glo])ular fruits with thin coverings, which 
enclose one or several asci s])ringing from a carpogonium. — Illus- 
trative Genera : Fn/siphe, DC. ; Eundimn, Lk. 

Structure aud Llfe-lilstory. — The sjjccies of Eryaiphe grow on the 
leaves and green stalks of Dicotyledons — mure rarely on Monocotyledons. 
The mycelium ramifies densely on th(‘. surface of the host-plants, through 
the epidermis of which it sends down numerous haustoria, and is repro- 
duced by conidia produced in series at the end of unhranched conidio- 
phores. As in mapv Ascomycetous and other Fungi, the conidia are the 
only forms of reproductive organs known in certain species, and this has, 
in the case of Erysiphe,, as in the others, been productive of confusion of 
genera. For example, Erymphe Titckeri, a vine disease, was long de- 
scribed as a species of Okliutn. On the other band, in many other 
species of Eryf^tphe, the sexually produced fructification is easily to be 
found either adhering to the mycelium threads or free. Both conidia and 
the sexually produced fruits are home on the same mycelium. The car- 
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pojroniiim is siirrounded by numerous polliliodia, and fertilization takes 
place in the same way as in the Discomycetea. In some species t]}e 
fertilized carpoo-oniuin contains only one ascus of an ovoid slyipe, which 
encloses eight ascospores. In other species the carpogoiiiinn contains 
several asci. 

Tlie species of Burnt in.m^ e. g. E, r<>jmns and E. (Af^pergillm^glaucuHf 
agree in the essential details of their life-history with those of Enjsiphv. 
'liie mycelium is floccose, and may be found on the surface of the most 
varied dead organic- bodies. First are formed conidia in great abun- 
dance in clusters at the apex of the conidiophores, and these reprodura^ 
the myceliiini so plentifully, that this fact, when coupled with the easily 
satistied requirements of tlie fungus in the matter of hosts, accounts for 
its exceedingly wide distribution. On the same mycelium there arisen 
afterwards the sexual organs. Tlie caipogonium is the end of a mvcelinl 
hypha closely wound up in the form of a corkscrew, and provided witli 
sev(!r.il transverse septa — one to each turn of the screw. From the lowest 
turn there arise, two tnhos which grow up on the outside of the carpo- 
gonium ; one grows more rapidly than the other, and reaches the top of 
the carpogonium, with which it conjugates. This is the pollinodmm. 
Other cells then grow out from the bottom of both organs and envelop 
them. After fertilization the carpogonium divides into S(*-veral cells, on 
the branches which proceed out of which the asci, containing 8 spores, 
arise. These ascospores g(‘rminate as in tlie other Erys^phece^wwA. produce 
a iriyc(diimi which bears first conidia, and again the sexually produc(Ml 
friiciiiications — perithocia. 

Suborder 3. Tuberaoe.u (fig. 1 C, p. 8). — Fungi forming usually 
large siibtemiueous tuberous fruits, ])ossessiiig a thick wall {peri- 
diuw) of pseudo-parenchyme, enclosing a dense mass of hyjihie, 
among which the aseugenous ihrtaids form many asci imbedded in 
the sterile threads. The mycelium is usually very small in com- 
parison with the fructification, and conidia are known only in tlie 
case of Peuicilllum ykiucum. — illustrative Oenera : Tuber^ Mich. ; 
Peu'icillium, Link. 

structure and Lifc-liistory. — The mycelium of PmiciUimn (jlauvum 
gro^vs on almost all organic subsiaiieijs, and producits long chains of con- 
idia on erect conidiophores in such abundance as to account for their 
general pres( 3 iice in the air, and the appearance of the fungus on nearly 
every suitable and accessible host. It is only, however, in darkness that, 
like the other Tuberaceie, the Iriiits are formed. It is vrell known that 
the conidia are not developed in darkness, and this formation of sexually 
produced fruits in that condition (recently discovered by Brefeld) is a, 
further mark of the capacity of this fungus for distribution. The sexual 
organs resemble those of Eurotium (above described) so closely that a 
description is unnecessary ; but the development of the fructification after 
the fertilization of the ascogonium is different from that of any other 
Ascomycete. Shortly stated, the ascogonium after it has begun to ger- 
minate* is so hindered by the growth of the enveloping threads, that it is 
compelled to rest for some time in asclerotioid stale. When germination 
is induced, however, by artificial means, the ascogenous threads are seen 
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to force their way out and fonn asci, in each of which there are 8 asco- 
ppores. These spores germinate and produce a mycelium, which again bears 
conidia. The sclerotia also when hept so long that the ascogenous 
threads have lost the power ol‘ forming aaci, germinate and form the 
usual conidia. The sclfTotia art^ in structure so similar to the well- 
known fruits of tlie Tuhvraceat (Ti iillles), that, ht>wever, strong tlie 
resemblance of the scMial organs may )>e to those of llnrotimn^ they 
must be classed with the former. In no otlier species of luherace^ have 
conidia been observed. 

Suborder 4. Pytiej^oiviyc^etes. — F ungi growing usually on dead 
organic bodies and on living ]j]anls, and forming round or flask- 
shaped conceptacles {jK'ntlmia) with walls of pseudo-pareiichyme, 
ajid containing long club-sliaped asci, each of which produces (as 
a rule) 8 spores. Q’lie jx'ritluieium is in some cases open at first, 
but in others an opening is ultimattdy formed in tlie neck of the 
flask, through \vhi(*li tlio sjionss are emitt(‘d. (It is not yet clear 
whether this fructilication he generally the result of sexuality or 
not.) Wlien the ascos])oros germinate, they produce a mycelium 
on whi(?h are formed conidia, stylospores (in iiyciiidia), and sperm- 
atia (in spermogonia). In many s[)ecies one or more of these 
organs are w'antiiig, and in many others one or more of these are 
pre^sent and tlu*. perithccia wanting. — Illustrative Genera: Clavi- 
cc'pH, Tul. ; uVectrla, ^J^od. ; Hall ; Xylaria^ Hill ; Dklioeua^ 

Fr. ; Venturia^ Fr. ; ^tiymatea^ M. 

Structure, &c. — In a number ef species (e. g. the Sphoirice simpNcos) tlie 
perithccia arist‘. on a very lino mycelium, singly or in groups, and in such 
cases it seems to he probable (from AVoroniu’s observations) tliat the 3 ^are 
the result of a sexual act. Jii otlier cases, however (as in Xylaria), the 
perithecia are formed on large chil)- or hasin-shsped stromata, consisting 
of dense masses of tissue. It is uucertaiu wiiet her tlu^ stroma be merely 
a receptacle, or whether there tidies place in it a sevual act w'hich gives 
rii^e to the perithecia. The conidia are formed not only ou the mycelium, 
hut also on the .stroma or even (as w^as st'eii to he tlie case in Pmicillimn) 
on the w’all of tlie perithecium. Sometimes conidia and stylospores of 
two diifereiit forms occur iu the same species. It lias beeu suggested that 
the spermogonia and p>’ciiiclia are iiien'ly parasitic ou the Pyrenomycetes j 
but this vieAv has, in the case of the pycnidia, been recently disproved by 
the researches of Dr. Dauko, and in flic case of the spermogonia by M.« 
Cornu, who was the first to cause the spermatia to germinate and repro- 
duce the mycelium. This Suborder, liki' the Discomycetes, includes a 
grt'at mnuher of forms, nianj" of wdiich seem to he only stages in the life- 
history of t»th(‘r plants, and which have rcceiA’ed the names of distinct 
genera and species. 

Suborder 5. Ljcitenes (figs. 510 <&; 517). — Fungi consisting of a 
thallus of densely interwoven hA'phae, sometimes forming pseiido- 
parenchyine, deriving their nourishment from minute Algie 
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(formerly called gonidia) imbedded in the thallus (such as 
Pidmdla, Nostoc, &c.), and forming regular organs of fructifica- 
tion (apothecia) containing asci, in some cases known to be the re- 
sult of a sexual process. IMiere are 

formed also on the thaljus spt'rmo- * 

gonia containing sj)en)i(itia (tlie male . ^ 

organs, which have been proved in (hm*- Fig. 5in. 

tain cases to fertilize a female organ 

called a trichogyue) and occasionally fpK ^ .4 

2 )ycnidia. — Illustrative Ginuu'a : 

Opegmpha^ Pers. ; Umhilicttrin, 3^ ‘WUr'^-O 

Ilofcn. ; Verrucaria, Pers. ; Endo- 
carpoii^ Hedvv. ; Splunrophoron^ Pers. ; 

(Jladoaia^ IToff'm. ; Leridia^ Acb.; 

Stereocaidon^ Stdireb. : Pamadia^ hV. ; u 
Etictd, vSchrcb. ; CUtrarid, Ach. ; Ap(i 

Jioviudla^ DC. ; Eduialitia, Ach. ; ,, 

if I 

Structure and Life-history. — The para- 
sitism of the hiugjil porthui of the Ijichen p. 
thalbis is not of such a uature as T' 

cause the death of lie* host alga, Imt tlu* ^ 
relations seem to bo so e(jually balauciul ' ' j ;^j 

as to allow of the ju-otra-ted mutual 
existence of both. 'Fo illustrate this 
and the life-liistorv of tin? Lichenes 


two instances will perliaps he. suiliciont, 
bo til of which are from the reciuit re- 
searches of Dr. Stahl. 

Sexuality is not known to exist gene- 
rally in th(^ Liclienes ; bnt since it iias 
been established in the Collrmavecr (an 
important subdivision) W(? may fairly 
conclude that tlic matter only wants 
investigation to bring more instainie.s 


Fijf. r)ia. A. Furtilft hmneh of tho 
thall Spku’mphoron cortdlnidei*, 
with a, a )»'ritl)(‘oiuni, and «, ?]>('>•- 
niojj )fUM J}. 'rh«*{’{P titid para- 
ptjyMOii from tho jxjritlniuium. C. 
Hpovniiitia from tho spermo- 
goiiium. 

Fi^. 017. A. Branch of liamalina 
fnuinpa. B. A fraf^moui with 
upothooia. C, A 8<ujtion of a 
fra/'inont nn^nitled, showing, «, 
apoLlmeium, and ff, spermogonia. 


to light. In this subdivision the minute male cells or spermatia 
are formed within cIosjkI receptacles called speririogonia, and, unendowed 
with the power of motion, reach the female organs by the conduction of 
water (ram, &c.). The female organs or tricliogynes may be said to be 
composed of three parts ac:cording to their function *: — (1) a unicellular organ 
of conception, (2) a conductive canal, (*^) an ascogoniura in the form 
of coils, also composed of several cells which, when fertilized, give rise 
to the spores. The point of the trichogyne is ])rotruded through the 
surface of the thallus, in which the restf of the organ is imbedded, and 
the spermatia coming in contact with it, the contents become amalgamated 
with the result of fertilization. The first result of the fertilization is seen 
in the increasing siz(^ of the cells of the ascogonium, and also an increase 
in their number by tho formation of transverse septa. The paraphyses 
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then spring from tlie primitive coil of the ascogoninm and increase in 
number with the formation of the hymenium, on which ultimately the 
asci arise fi’om the ascogenous tlireads. The production of spores by the 
asci terminates the generation. 

As to the relations between the parasite and host, the folloyring instance 
will prove illustrative. The Algtc embedded in the host received the name 
of (fonidia before their nature was truly understood, and it was generally 
supposed that they were specifil oi'gans’ A smaller form of gonidia., call(*d 
the hymenial gonidia, was found to occur also in the empty spaces of the 
apothecia of many Lichens. They are the oilspriug of the true gonidia by 
division, and are cariitidup in the hymonium by the growth of the hypha^. 
They are cast out. of the apotliecia along with the spores, and the spores 
on germinating envelope witli their germ-tubes the hymenial gonidia, 
which increase in size and become the thallus-gouidia of the new lichen. 
This has been observed in Dennafocarpon Schceren and Fohjhhmtia ruifu- 
lom by Dr. Stahl. Doside the Dcnmdocnrpon there grows a 8})ecies of 
Thelidiuni the gonidia of which are. the same species of alga (of the genus 
Plmroeocms) as those of the genus Dermatncarjton. Jf tlie spores only of 
the Thvlidium he brought tog‘‘ilu*r wnth no other orgcauisms than the 
hymenial gonidia of tlie Dt'rnndocmpon, the thalliis of the Thdidhnn 
with the characteristic fructification ma-y he obtained on a suitable sub- 
stratum, thus proving that the same spifcies of gonidia can nourish tw^o 
I'ungi of oven difleveut genera. It must not he assumed that the above 
history of tlie gonidia is true of all lachens under all circumstances, since 
no doubt the great majority of Lichens find their hosts in a more 
deiital fashion. The gonidia reproduce tlimuse.lves exactly like the free 
individual Algfc of the same species or genus. 

Diatribntloii.— Licliens grow mostly in exjiosod situations, such as on 
rocks, walls, trees, .Jcc. in all parts of the gdobe. They form a very large 
proportion of the entire vegetation iu the Iiighcr regions of mountains and 
in polar latitudes. The thallua ha.s usually a dry, dead-looking aspect 
(though sometimes soft ami pulpy), and is of a ibliaceous or scaly and 
cruslaceous form. It varies much in size. 

Qualitled and Fses. — Many Jiichens are very nutritious ; a number of 
them yield valuable dyes; some are medicinal, others aromatic. Among 
the more important nutritious kinds are : — Cladonia “ lieindeer 

Moss ; Cetraria idandkn^ Iceland Moss, and V. nivalis ; Umhilicaria 
(various species), constituting Tripe-de-roche^^ of the North- American 
hunters ; Lecamra esciiknta (Tartary) and L. affinis, ^icta puhtwnaria^ 
kv.. From Lwanora tartarea^ the purple dye called Cudbear is obtained ; 
Parmclia parietina^ common on walls and roofs, givCvS a yellow colour ; 
RocetdJa tinctoria (Mediten*a,nean and Ca.pe-Verd Islands, &c.), R. fu- 
ciformis (Madeira, Angola, Madagascai*, S. America), and R. hypomecha 
are Orchil -weeds, from which the dyeing material Orchil or Orchel is ob- 
tained — himtis being obtained from these and other species of Roccella. 
Some species contain a considerable quantity of oxalate of lime in the 
form of crystals. 
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When young, naked, mobile, in consequence of which the masses 
of plasiriodiuni have a changing form. These masses, at the time 
of fructilication, sometimes dividing themselves into single parts, 
are transformed into motionless fruits. Eruit either irregular in 
form {plimnodwcarj)) or regular {s^porangium). Sporangia, through 
fusion and union, produce now and then compound fruits (^Elha- 
liiDu) usually of considerable dimensions, of regular or 
irregular foi-m, naked, or covered with a common coat (roWt';r). 
Hpores produced within the fruit through free cell-formation, or 
on the surface through division. The contents of the spores at 
the time of germinat ion give rise to either at first a naked zoospore, 
})rovided with a nucleus, a cramped vacuole, and long cilia, or to 
an auKiiboid. These zoijspores or amcebiu, flowing together in 
masses, give rise to mobile plasmodia. {Uof^tajind-i .) — Illustrative 
Cfenera : EUgsaruiu, JVts. ; Dulginium, Schrad. ; Spivinaria^ l^ rs. ; 
^StemOHitis, Gled. ; AmdurochcHi.'^ Ji. ; Dictyostdimn^ Bref. ;/ 
brarla^ Ters. ; lietlcidarla, Jkill. ; Trichla, Hall; Lycogaki, ?j.ieh. 

structure and Life-history. — The Myxomycetes pi ?8ent in the course of 
their life phenomena so cmtirely different from those in otlier 

Tiiallopliytes, that it has, with much reason, been proposed to separate 
them from tliis groat group, and to place them among animal organisms, 
to which at least one stage of tlieir existence shows the gr(‘atest simi- 
larity. 'The mobile orplasiiiodium stage resembles very strongly the mobile 
amoibce, of tlie animal (qualities of wliicli no doubt has been entiu'tairn^d ; but 
the fructilication is so little likcUhe ‘‘encysting” of these animals, or any 
other process in animal life, and moreover is so fungal in its nature, that 
this proposition has not beim generally accepted. Not only tlie habit of 
life, but even the processes of nutrition ol’ the plasmodium stage are 
animal. — These organisms are to be found in damp situations, on rotting 
wood, leavers, ^:c. 

The whole of tliis suhji^ct is so large and many-sided (and its relative 
importance here is so small j, that for details of the life-history of these 
organisms the student must be referred to De l>ary’s ‘ MyceU>ya>a,’ and for 
their systematic dis])t>sition to Uostafinskis Monograpli of the Order. 
Incidental reference will be found to them under the head of Physiology, 

8CHJZOMYCETES. 

The Scliizomycetes^ which are the lov^est forms of life knowm, 
inhabit fluids which contain organic matter. The majority consist 
of extremely iniuule cells which neither in their membranes nor 
contents exhibit any marked characteristics. They are usually 
pri'sent in great abuiidaiK-e wherever piitrifying organic matter is 
found. Among them are included such forms as Bacteria^ tSarcincp., 
nbriones^ fSpiriUa, some of which show' a slightly higher organiza- 
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lion ihan others in the possession of cilia by which motion is offecied. 
They usually multiply by simple segmentation ; but in such cases 
as Bacillus an ai)parent reproduction Iw means of sporuhjs has been 
observed. It is probable that some of these organisms are stages 

liir. r,18. Fig. 6ia 



Fip;. ."tlS. Vnri^iUK of Tinrferhnii. 

Fifj;. liacitfntfiH ienno, mu^n 


of some more perfect ])lant. Tim small Schizomycetes called 
Jiactcria are oft(m found growing on lh(‘ mucous siirfacms of living 
bodies and on wounds, <tc. ; and on this subject then^ has arisen an 
t‘\tensive literature, which is of more im^dical than botani(*al 
interest ; and there is no doubt that, in a great multitude of cases, 
the observers have mistaken the products of the decom])ositioTi of 
organic bodies and crystalline precipil at ions of an inorganic nature 
for Bacieria, Wind her tbo Bacteria are t])e real causes of fermen- 
lation and of various disctases, or whether they are merely 
coueomitanls of lhosi> pro(‘esses, is a‘ debated point upon whi(di 
it is impossible to enter here. 

Allied to tbe Hcbizomycetes, though of a higher organization, 
is the genus S(tccha rohitfces (or Torala)^ to which tlio Yeast-jdant 
belongs. The Yeast-plant cojisists of single, roundish minute cells 
of greater size than those occurring in the Schizomycetes. It 
inhabits fluids which coutaiirsugar, in which it (excites alcoholic 
fermentatiou. The ccdls contain trm^ ])rotoj)lasm, which can easily 
be recognized as such, and in w hich vacuoles are usually to be found. 
They multiply by simple exogenous or endogenous segmentation 
(tig. 1 A, p. S, fig. r)JS7, p. 

The life-history of the Yeast-plant is further treated of under 
the head of Nutrition in Cellular Plants, to which the student is 
referred (see p. 552.) 
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CHAPTER L 

rilYSlOLOOICAL ANATOMY OF PLANTS. 

Sect. 1. The STUFCTintK of ]’lants. 

Tlie Pliysioloi^y of Plant s isihatdepartiDoni of Hof any win* cli I mif h 
of file pb(‘noin(nia of tjjo Life of Plants, ns inanifcsfod in a scmmos 
of changes taking plac(‘. in the diverse orga-ns of which (‘ach plant- 
1 s coi n posed . 'Hi ese organs „ as w(i h aA^e al ready seem (M o in> n ( )L( h j y , 
(.^hap. J.), are not simply fragments, combining fo iiKTeasi* the hulk 
of the obj<H*t (their size alone having no definite^ r(*latlon to ihat of 
the entire plant), but they are iitKlrf(Nienti>\ variously o(‘cu])ie(l in 
perfonning the difforent functions, the coniinuous ofierafion of 
which indicates the existence of what we call Jab'. h\>r moi‘j)ho- 
logical purposes it is best to use the word “ part or “memiHT” 
without reference to physiological function, w'hi{*h may be dillVrent 
in parts of the same m()r})hologi<!al nature. For physiological 
])urposes the term orf/an is now employed. 

The external characters of the parts of plants, gont'rally, have betai 
described in the First I’art of this Avork, and an indication of tlnnr func- 
tions has been conveyed by their classification under tlui heads oi‘ Yege- 
tative and Jteproductivc Organs. P»nt tlie ohjeert of the Morphological 
chapters Avas to point out the conditions and relations of Form, as pro- 
duced by the external shapes of the individual organs and their modes of 
combination. Here we liave to examine the phenomena of Vitality, as 
displayed in the changes they pri'seiit in the course of the Development, 
Growth, and Miiltijdicalion of Flauts. 

The physiological Organs of plants are themselves composed of 
a number of parts, w'hich again (‘xliibit a kind of (iompleteness of 
their own, and a relation to the organs analogous to the relation 
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of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long bed'ore we reach the limits of the possible 
mechanical divisibility of the objects, constitute the “ atoms,” 
physiologically speaking, of plants, and are called the Elementary 
Organs, 

Uiuler certain limitations, we may compare a plant, or an organ of a 
plajit, to a crystal. J'iach has its definite cliaracter by which it is possible 
to distinguish it from any other object But we might pulverize the 
crystal, and yet anv one fragnumt of sulflcieut size for operation would 
clisphiy to the analyst all the chemical qualities of the entire crystal ; 
and if we dissolved such a fragment and crystallized it upon a slip of 
gla,ss, we should perceive by nuians of the n)icros(ro])e that it solidified 
into a miniature repn'sentation of the original crystal; moreover, if we 
then collected all the fragments and dissolved them, we might by careful 
evaporation reproduce a crystal exactly like that from which we started. 

In \"(*g(dal)l(‘H (as in Animals) the case is entindy dilfercjit. When 
we cut a plant in pieces, the ])art.s dider not only in form but in 
structure, aud bear no longer any recognizable relation to each other ; 
we cannot rimroduce the plant from them, and even the chemical ex- 
ainiii.'ition of uilUirent fragments may give most diverse} reisulUs — ultimate 
analysis alone, by which they are resolved into their mineral elements, 
arriving at the detection of a common bond among them, that of being 
f(»rme}d of compounds which we only meet with in oryanic matters. Above 
all, ill tlie act of subdivision, although this may be} carried to a high de- 
gree in plants without de^streiviug life (oven sennet ime}s within the limit 
of single} organs), beyond a ct}rtaiu point it results iu the annihilation of 
the especial ibre'e, the organizing or vital principle, by which the organs 
we're imulc} to combine tlieir activity to produce the eiistinctive cbai’acter 
as an inehqiendent individual ol>je}ct. 

The diversituis of form and consistence of the Elementary Organs 
give rise to all the differences of jdivsical (Condition in the organs 
of vegetation and reproduction; and all those changers whicli col - 
lectively constitute the life of plants depend on the combination 
of i\ multitude of minor operations which have their seat in the 
('h'lnentary organs, singly or as combined into tissues. The study 
of the Elementary Anatomy is therefore t Jie only secure foundation 
U])ou which to build the Physiology of Plants. 

Cells, Protoplasm. — The elementary organs of plants are all re- 
ferable to one primary type, which is not only recognizable through 
a comparison of the fully developed moditi cations, but is found to 
be the form in which all originate. This fundamental organ of 
vegetable structure is called a Cell,, and may be detin(}d as a closed 
sac conijtosed of solid membrane, called the cell-wall^ and filled with 
fluid, cell-sap,^ and seinitluid matter, called protoplasm. 

It must not, however, be overlooked that living plants and living 
parts of plants can exist, at least for a time, without any bounding 
cell-mejubrane. The perfect ceU is takeu, in a morphological sense. 
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as the fundamental unit for convenience' sake, and because it presents 
a definite form ; it is not, however, to be regarded as the ultimate 
structural unit, because detached fragments of it are capable of in- 
dependent existence under certain circumstances, and tlie proto- 
plasm, in which in all cases the whole a ital activity centres, is 
capable of living and moving without a cell- wall. 

Cell-contents. — The cell is the elementary organ of veg(?table 
structure; but it is not the smallest or most simple definite form in 
wliich organic matter may exist in plants, in the contents of cells 
we (jraaidi's of various kinds and also Jibres; the former, 
how'ever, are not direct constituents of tissues, but occur only 
amouij the cotdeiits of cells, as more or less transitory conditions of 
assimilated matter; while the latter merely form parts of the 
structure of the ccil-membrane. 

Uni- and Multicellular Plants. — T’lant;s of the lowc'st organiza- 
tion consist of the ultimate or elementary organs in their simplest 
forms, and may evc'ii he so simple as to consist of a singh.^ eh*- 
mentary orgaii or cell (tigs. 50.*! E, A 8tt‘p higher, we find 

])laiits composed ot* a few cells connect-ed together into a detiujtely 
arranged group in their (earlier period of existence, and subse- 
(lueiitly separating entirely into the constituent cells, each of 
which lays the foundation of a new colon 3 ^ 

Tissues. — Ey far the greater part of the species of ])lants are 
composed of an indetijute number of cells permanently combined 
together andforrning w'hat are termed the^ix.v/o'.s'. If the (‘ellscmtering 
into the composition of a tissue are (isseiitially alike, they form a 
simple tissue ; if cells which have undej'gone modifications which 
giv(j them an essentially diverse character are combi m^d in an ana- 
tomically well-defijied tissue, this is called a compound tissue. 

In the Algfe, eapt^cially the simpler memhraiioua or filamentous forms, 
Avo may readily see the uniforiiiity of the character of the cells througlioiit 
the thalhis (p. 4do); the same uniforiuity prevails through the (tells of 
such tissues as the pith of Dicotyledonous stems, &c. Jiut if w»^ examine 
the Avood surrounding this pith, or even the ribs running into the leaves, 
we find a variety ol' conditions of the elementary organs within the well- 
defined limits of these portions of w^oody tissue. 

Cellular tissue. — The simple tissues of plants are divisible again 
into two primary groups, according to tlie mode of union of the 
constituent cells. In proper Cellular Tissues the cells, how^ever 
firmly coherent, are only in contact by their walls, w^hich form a 
persistent boundary between them. In a scries of tissues most 
extensively deA eloped in plants of high organization, the cells enter 
into closer relation, becoming confiuent by the absorption of th(?ir 
contiguous surfaces, and thus coua erted into more or less extensive 
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tubular bodies, which, in their various conditions, form what are 
called the ducts and vessels of plants. These constitute the Vasctir- 
lar Tissues, 

Vascular tissues. — What arc called the ress(4s of plants arc really 
compound elementary orj^ans ; but it is not requisite to enter into more 
minute distinctions here, since the phenoniona of fusion of cells into 
such (rompound organs are not veiy varied in plants, and in all cases tln^ 
composition of the structure from a number of distinct cells is very 
evident. 

The tissues, siin])le and compound, enter into the composition of the 
Orphans of \Vgeta,tion and I{epr(Mluctitui of Plants upon a (•ertaiii «‘tmeral 
plan for any ])articular hind of orfran, but nndtn* specially inodilied 
arran^eracnits, referable to a prrijrresrtive series of tj'pes, in the several 
larye Classes of the Vegetable, Kingdom. 


Sect. 2. Tue Cell. 

Form. — The shape aud siz(‘H of the ccdls of jdants ar(‘ deteriuiiuicl 
by causes of t\N O kinds, uainely : — tlu'ir ou'u laws of growth, which 
are inborn and hereditary; and th(^ favoiirabh^ or obstructive influ- 
ences which bear upon tludr dtwelopmont in each particular case. 
As a geiKTal statement-, it may Ix^ said that the ])rimMry form of the 
V(‘g(dable Cell is that of a sphere, and that deviations from that 
type are more or less attributable to secondary influences, arising 
from the connexion of cells in coherent groups. 

The spherical form is usually found in cells developed freely, i. e, not 
arising troiri mere subdivision of a ])ro.exi,sting cell. Thus we find em- 
hryonary cedis and endosperiu-oellsin the emhiyo-sac of Phanerogamia, the 
spores of some Ciypto^amia, together with many of the lower plants com- 
posed of one or few cells only, such as thos(^ of growing Yeast (fig. 587, 
p. 552 ), I’tc., presenting the spherical as the original form. 33ut by far the? 
most frequently occurring spherical cells, such as many pollen-grains, spores, 
those in the ]iith of young shoots of Dicotyledons, of the pul]) of fruit, &;c., 
assume this form suhsequently to the earliest stage of d(welo])ment, being 
placed in circumstances whieli allow them to expand freely according to 
their natural tendency. 

The above general statement is- subject to certain important exceptions, 
in which deviation from the typical form exists without any interference 
with the development of the cell according to its own laws ; these are 
met with principally in the lower cellular plants, especially the Unicel- 
lular Algfu, ill which we find single free cells assuming the most varied 
hut specifically determinate forms. 

Examples of this are offered not only by the Desmidlees^ hut by the 
more unequivocally vegetable Vauchence, Botrydium (fig. 50fl, E ), and 
others. 

The interfering intlnences above referred to are of two principal kinds, 
namely : — special directions assumed in the development, in obedience to 



THE CELL. 


477 


laws rt'gulatiug the stnirtnrc of the organism, or of the tissue, of w4iic*h 
the cell forms part, e, (j. untupial grow'th in particular portions ; and oh- 
structifm to the possibility of expansion in certiiin directions, from tlie 
prt'ssure of surrounding cells. 

'riinse infiuencea are \ erv fruitful in producing variety of form. The 
first hind is the most important, and deterinines the general form of the 
cell ; the second in most cases affects merely the sha}ie of its external 


Fig. r,i>0. Fig. 521. 



Fig. Meri'ndjynmtous c!i*llg of tin- rind of Euphorbia cintaricnns. Magn. 100 diam. 
Fig. Jjibfr-.'-iiilH of ('orur buityophora, M;igu. diain. 

Fig. 622. Parenchymatous cells from the leal’ of Orvhiti vtaecula, Magn. 200 diain. 


surface. The form of the cells of fully developed tissues is usually the 
result of both hinds of influence comhined. 

In cells existing in combination we find three principal classes of forms, 
referable purely to the intliionco of the law ot dt'velopment ; — (1) tlie 
(fphcroi/al, obeilient to the fundamental type ; (2) the cyUndrical^ in which 
there i.s a more or loss considerable tendency to elongate in the direction 
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of a vertical axis ; and (3) tlie tabular^ in which there is an excess of deve- 
lopment in the direction of the two transverse axes. 

The spheroidaliorm presents every possible transition from the sphere (Pro- 
tnoocmia, fig^s. 513, 514, pollen oi Paanifloray Ilibism'iy (jells of cortical paren- 
chyma, fijy. 520, &c. ), through the ellipsoidal (usual in 1 onger or shorter forms 
in the subepidermal parenchyma of leaves), to the fusiform or spiudle-shape 
(most abundant in tne cells of wood and fibrous structure, fig. 521), and 
the truly cylmdrivaly either of moderate length (ctdls of Confervm, fig. 
612, &c.), or drawn out so fis to becjomc what is teiVliwA fHfonn (cotton 


Fig. 523. Fig. 524. 



Fig. 525. 



Fip. f»2S. Rpction of a of no air-canal in the petiole of ^agUt^tria. Magn. 300 diom. 

Fig. ''21- Rtellivte eellnlar tissue iroin the petioli* of liunh. Mngn. •‘^no cliam. 

Fig. 525. Stellate hair from the pt-tiole of Nymphtva advena. Magn. 200 diam. 


and other cellular hairs). The spheroidal form also passes gradually, 
especially in epidermal tissues, into the tabular form. 

Modifications. — Secondary niodificatioiis of these forms arise 
chiefly eithcu* from partial cohesion in lax tissues, from irregular 
growth, or from pressure in densely packed tissues. 

Thus the spheroidal form becomes, in lax tissues, an irregular spheroid 
in endless varieties (commonest of all in the pareuch^una of leaves and 
rind of succulent stems), running out by degrees into lobed and finally 
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stellate forms, by exclusive development of the free surfaces while the 
contiguous cells* remain attached at a few points, e.(j. in cells of the p>irim- 
cliyma of leaves and leaf-stalks of many Monocotyledons (fig. 522), Mma^ 
Snfjittaria (fig. o2:i), tfcc., and above all in tln^ cellular tissue of Rushes 
(fig. 524) and the steins of various aquatic plants. In the tissues of 
Wchvitscfhia, as also in Araucaria and other Conifers, very large irregu- 
larly branching cells, covered with small crystals, may be seen : these are 
sometimes called spivular cells. 

The mutiiMl pressure of cells, commonly exerted in stems, in seeds, 
hard parts of fruits, &;c., converts the spheroidal into pohmanal forms, of 

Fig. 520. 



Cells of the pith of Acanthus mollie, aeon in o vertical section. Magn. 200 diam. 

which the more or less regular dodecahedron or tetradccahcdron^ 
hexagonal section, and ai-ising from equal pressure in all directions, is 
perhaps the commonest (pith of fully developed shoots of Dicotyledons, 
such as Elder, &c.), or found in woody fruits, &c. The cylindrical 

becomes under the same circumstances prmnaticj either six-sided with 
flat ends, or with three rhombic faces at top and bottom, the common form 
of the cellular tissue of the stems of herbaceous stems (tig. 52(3 or 4-sided 
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with flat onds, as in the mediillaiy rays of Dicotyledons, or with conical 
or oblique ends, the connnon form of wood-cells. Less frequent are the 
forms of spores and pollen-grains, sometimes only temporary^, sometimes 
permanent, arising from the development of four cells by segmentation of 
a spherical parent cell; ihese sometimes appear of the form of quarters of 
nil oi ange, sometimes as trtrahpdra^ the curved surface forming the base of 
the pyramid. In the tabular forms of ilie cell, the mutual pressure gene- 
rally confirms an originally rectangular figure, the tahular cells of eni- 
thu iuis and cortical structure being usually of quadrangular or polyangiuar 

hdg. mn. Fig. 528, 




Fif;. r)27. Younjj; }>rothfilliiim d{n<^lopf(l from the Kjmre of a Fern {IHerw serrulafa)^ 
Mujrn. 201* (liiun. , 

Fig. fj28. Ei>itieriuiH of tin* l<»wer surface of the leaf of ILellehorutsftefiduif, with stomata 
(a). Magn. 2U0 diam. 

figure, flat above and below ; but in tbese we have soniotinies complica- 
tion from expansion, under pressure, principally in certain directions, 
cells of the epidermis of many plants exhibiting side walls thrown into 
sinuosities following a particular pattern (lig. 528). 

By far the great majority of cells iii the higher plants originate 
in forms analogous to those ])rodiiced by pressure, since they inul- 
f iply by division, and the septa dividing two newly formed cells 
have ordinarily plane surfaces (lig. 527) : a sjiberical cell forms two 
liemispherical cells, &c. ; a prismatic cell dividing perpendicularly, 
two half-prisms, or, if horizontally, two superposed shorter prisms, 
ttc. As a genera.] rule these cells have a tendency to assume the 
spherical (or cylindrical) form in their earlier stages of growth, 
w hile the whole muss of tissue is lax ; and if they are set free, as 
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in the case of spores, pollen, &c., they often become quite spherical. 
But if they form part of a permanent tissue, the expansion of the 
organ of which they form part stops at a certain point, before they 
cease to swell, and thus the mutual pressure comes to bear upon 
them and causes the production of plane surfaces. 

We may ti’ace this malfing sections of a pith of a shoot of Elder 
from the growing point, or pmictum vetjotaiUmm^ downwards : at tlie point 
the nascent cells are squarish ; lower down they have swollen into sphe- 
rical, while when full-grown they are dodecahedral. The similar change 
from cylindrical to prismatic takes place in the camhiiim-cclls of annual 
stem and shoots ; hut in succeeding years the camhiura -cells formed by 
division of preexisting C(dls exhibit a rectangular outline first and last, 
only increasing in diameter, cliiefiy in a radial direction. 

Dimensions. — The magnitudti of cells is very A^aried. About 
of an inch may be taken as an average of the diameter of paren- 
chyma-cells ; the cylindrical colls are especially remarkable for the 
great length lliey often ai^qnire as contrasted with their transverse 
diameters, and with the transverse and por})endicnlar diameters of 
other forms. 

The larger colls of the pith of the Elder arc about , J of an inch in 
diameter, but i,J?7 io he r(^garded as a large diameter in parenchyma. 
On th(j oth(U’ hand, the spores of Eiingi allord examples of oxtreniiely 
niiriute dimensions, such as yVo bi of an inch. The cylindrical 
cells of wood are not uncommonly of an incli in length ; liher-cells 
sometimes from ylj to J or f of an inch (Flax). Hairs composed of ont^ 
or more cylindrical colls, and the cylindrical cells of some of the Oonforvm, 
especially Vaucheria, Bri/opsisy &;c., and Chara^ also attain longitudinal 
dimensions to be iiKiasured in inches, while their diameter is estimated in 
hundredths of an inch. 

The Cell-wall. — In all young cells the wall is of membranous 
nature, and in many cases it always retains this character. While 
young this membrane is freely permeable by water, elastic and 
liexible. As the cell-wall grows older it bocoinos altered in con- 
sistence and firmer, opposing a greater obstaede to tlio entrance of 
w^ater into its substance, independently of any great increase of 
thickness, as we see in cork-cells : when it. iinneases in thickness 
it may remain soft and flexible, or become very dense; but in such 
cases it generally remaiins tolerably freely permeable by water, even 
when most dense, while the softer kinds absorb w^ater so readily 
that they swell up considerably when wettcjd. 

Membrane of living cells always appears to contain water as an essential 
part, almost like the w'ater of crystallization in hydrated salts. When 
dried, cells contract more or leas ; and many phenomena of bursting of 
fruits, sporangos, &c. are the result of the tearing down of weak regions 
of cellular tissue by the contraction of firmer tis.sues in drying. Cellular 

2 I 
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tissues with soft thick menihrnne, like those of the Algse &c., contract in 
drying so as tt) cause the shrivelling of the structure. All such tissues 
absorb water when wettc‘d, and swell up again, but do not in all eases 
reassurae their original ilexibility. Cells of w^ood, liber, &c. also expand 
when wetted ; but the ex]va.nsion takes place in a direction transverse to 
theii* axes, and they usually contract m the longitudinal dimension as 
tht'y swell laterally" llenct^, although W'ood and tihrcjus structures swell 
in water, it is only in the direction across tlic (/rahij and cordage simul- 
taneously (‘(rntracts in tiie dirccti«>n of the fibres. 

Diluted sulphuric acid and allailine solutions cause a swelling of the 
inemhrano of most cells, nf which advantage is Fometiiues taken in woven 
fabrics to render the stu ir closer in texture. By soaking in an alkaline 
solution, tlu) single tihrcjs are made to swell so as to come more completely 
into contact and till up the interstices. 

l^rimary, unaltered <*el]-inein])rane is colourless ; subsequently it 
becomes eoloured, usually of a tint of brown, apparently by infil- 
tration of substances formed in the contends, since by boiling the 
membrane of old, deep-brown tissues with nitric acid, or with 
solution of potash, tin* colouring-iual ter may ])e extracted. 

The original moin})rane of a lunvly formed cell is, as far as w e 
have the moans of ])(*r(‘(*i\ing it, a homogeneous laycm of substance, 
the porous nature of w hich is, in most cases, only to be concluded 
from t.lie fact of its ])enu(’abi]it.y, no visible pores, except in excep- 
tional cases, being revealed by the most perfect microscopes we 
possess. 

Tt is important to note lids hoinog(‘n(‘itv of the primary ctdl-w’^all, as 
thc-‘ numibiaiio ahnost always lu'Cc-mcvs markc'd with dots aiid spiral linos, 
indicating inequality of thicknc'ss, as it becomes thicker. 

This primary membrane is apparently a secretion from the pro- 
toplasm, tliough by some it is looked on simjdy as a chemical pre- 
cipitate. It appears to liave the property of grow ing by what is 
called intussusception of molecules, since it expantis to accom- 
modate the increasing contents of the C(‘ll in cell-growih, with- 
out any indication of structure necessarily accompanying the 
expansion. 

No h(‘tter example of this can he; mciitioued than the growth of the 
pollen-tuhe of Bliauerogamia, wliich seuutimes acquires a length of 2 
or more inches ( Cactus) without ever departing fre m the homogeneous 
pellicular structure. Cell-memhrane, however, may increase in size by ex- 
pansion, as ^Ye see in the C(Tl-di vision of G£(lo(/onmm^ in wliich a thickened 
ring of accnmnlated cellulose is stretched out by the elongating cell and 
becomes a thin membranous coat to the latter. 

Molecular structure. — The molecular structure of celh membrane has 
been studied by Nageli, who, from his researches on the constitution of 
the membrane of the starch-grain by means of polarized light, comes to 
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the conclusion that all org-anic substances are composed of cn/stallhw 
molecules grouped in*a definite manner. When dry the moleeides are 
without interspaces ; when moist, each molecule is sunounded hy a thin 
lilin of water. Kiigoli further supposes that each molecule is iinide up of 
a number of atoms, similar to or identical with the iiUuns of the chemist. 
Tlie moleeides are of diiferent sizes; those portions of the structure richest 
in water have the smallest molecules. The molecules tliemselves are of 
tlie nalurti of crystals with two optic axes. It is possible that the ex- 
tremely luiiiiito dots and strise above mentioned may have st)iiie relations 
to this molecular structure. 

Secondary Growths,- — The walls of almost all cells soon exhibit 
a clepartnr(3 from the original simple eoiKlitioii, fii’isiug from the 
formation of new lamelhe, more or less resembling the primary 
membrane, all over, or over pa,rlicnlar parts of, the inside of the 
primary membrane. These an^ (lisrniguish(*d as sccotnhirif layers 
(tigs. 521), 530). They are of diiferent densities, and they are 
usually separated one from tlie other l)y thin lllms of viatery ctdl- 
sa]). The eonsistencH^ of t.lu'se layers, and the mode in which they 
are disposed, produ('(3 the most important diversities of character of 
the walls of fully dev( doped cells. 


Fig. 5.m 


Fig. 520. 



Fig. 529. Ti anav( rs(! Hedion of liber-ctjUs of On-os iiotryoithn n. 200 diam. 

Fig. 5o0. TransvtTHc atH'tion of a thick-wallod cell from tlie pith of iZoya carnosa, 
Magn. 500 diuni. 



The laminated condition of cell-membrane may be well observed in 
simple cellular structures by treating fragments of (Jladophora ylomarat'a^ 
or other large Confervoid, with diluted .sul]ihuvic acid. The laminae are 
very visible in cross sections of the cells of wood and liber after these 
have been boiled for a short time in nitric acid. These so-called layers 
are not successive depositions, but are formed lihe the cell-wall itseli, of 
which, indeed, they are intrinsic portions, by intussusception of new 
particles all ornately more or less dense. The term layer is therefore a 
misnomer, descriptive of an apparent and not of a real condition. 

2 1 2 
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Gelatinous Layers. — Besides the primary membi*ane and the 
secondary formations, we find in certain cases m kind of envelope 
which has b(3en variously explained by difPerent authors. The fila- 
ments of some Confervoids {tSpirof/i/ra, fig. 512, A), of Desmidium, 
&c., the families of cells of Falmellecp (figs. 504, 513) and jNostoch^ 
inecp.^ are surrounded by a coat of gelaiinous consistence outside 
the proper cell-membrane, lliis appears to be produced by the 
softening and swelling up of the parent cells (of many generations) 
of the cells which ani surrounded by such envelopes. 

Cuticular Layers. — Another layer is characteristic of many cell- 
immihranes Mhich ar(', d(^stin(‘d to jnotect tli(3 subjacent tissues, 
or their o\mi contenrs, from the action of th(3 atmosphere, namely 
those of epidoj'mal cells and of ])ollen-grains and spores. Those 
exhibit a superficial ])ellicle, of varied character as to thickness, 
texture, and maikiiig, \A'hich p(illicle appears subseqiuuitly to the 
first formatioji of the cell. This, like the gelatinous coat just 
described, is a structure altogether of secondary character, but is 
distinguished from tlie ordinary secondary layers of thickening by 
its position on the oulside of the cell- vs all. 

It is still a moot question wh(‘thev these pellicles are secreted by the 
primary membrane on the oulside, oi* are foriiK'd by transformation of llie 
outer laniirifo of the primarv membrane itself, whose jdace is then taken 
by some of the outer sc^coiuhirv layers. This subject will be more dwelt 
upon under the head of tlie cnlicle. 

Thickening Structure. - The secondary formations on the inside 
of the cell-membrane may (1) correspond in character to the 
primary wall, in tvhich case the cell-wall is simply thicktmed by 
new laniellie ; or (2) the new layers applying themselvc^s over the 
surface of the null, leave ctTtain ])arts l)are, which apptur as or 
pits of various forms w hen viewed from the inside (tigs. 53.1, a, n) ; 
or (3) they are ap])lied only over parts \vhich form peetdiar 
])att(‘rns u])oii the ])rimary wall, and apjK^ar, nlien of sullicient 
thickness, like fibres adhering to it, spiral, annular, or conuected 
into a kind of network. 

Those socondavy layers wliich resemble the primary wall, although 
evenly deposited, present in certain case's an appearance as though 
their molecules were arranged in a spiral order, since fine spiral streaks 
may sometimes bo detected, after treating them with acids and by other 
means, and many of them are apt to tear in a spiral direction. The 
excessively delicate spiral marking here referred to (seen in liber-cells of 
Jliicaj fig. 53.% and most Apocynaceas and Asclepiadaceai, in wood- 
cells of I^mis, in the cell-membrane of Hydrodictymj &c.) must not be 
confounded with a deceptive appearance, resembling a much coarser spiral 
siriation, produced by treating the membranes of Confervje, the paren- 
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chyma-eells of Orchisy Oiimi'hita, &c. with sulphuric acid, where the 
appearance often results from the irrejjiilar convolutions of the swollen 
lamellae of the cell-wall. 


Fig. 631 B. 



Fig. 531 A. 



t'ig. r>3l A. S(‘<.*tion of of t.h(‘ rndo-spcnn <tf a Sai^o-Palni. Mapn. 200 diam. 

Eif'. fjyi B. Laminated cell-walls of the cells in A. Magii. oUO diam. 

Tlie uniform kind of soeondtir}^ laytu’s are soiiud iiiKJS accumulated 
atone side (fig. 534), or in the angitjs of ct^lls (fig. 535): thus 
they are much thicker on the sidt^ of (‘])id(‘riiial cells nt^xt tho air; 
and they fill up the angles of the ct‘lls of tlie fli^shy endo8j)erm of 
many seeds, tho cells of the collenclujma found kuK'-ath the rind of 
Cheiiopodiaceac, and the ctdls of the leaves of M tiniphvii^ t)f some 
Jiiiigermanniaceic, &c. There is reason to believt^ that, in some 
instances, the cell-wall thickens at certain .st%*isoii8 and becomes 
thinner at others ; but this ajipearaiice may arise from an alter- 
nately swollen and contracted state, and not from absorption and 
redeposition. 

The subje(‘t will be alluded to again under the lieads of epiihrmis and 
mtcrccllular mbstiince. 

Pitted Cells. — The deposits which ]<‘.ave spots of the primary 
membrane bare form what are called oi*, l('ss j)ro|)erl y,j(>oroas 

cells. They occur on the walls of most cells of the parenchyma- 
tous structures of tho higher plants, in the form of round spots 
(fig. 526), whore the still membranous cell-uall is thinner. In 
\\ ood-cclls, in liber-cells, and the greatly tliickened cells of fleshy 
endosperms, hard seed-coats, <fcc., the fonuatiou of a great num- 
ber of secondary layers upon the wall, always leaving those spots 
bare, converts the pits into canals running out from the contracted 
cavity to the primary wall (figs. 530, 531). 

The marks are really always piU at first, as may he seen by colouring 
the cell-juembraiie with iodine. Hut in old wood-cells they appear some- 
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times to become boles^ bv the absorption of the primary membrane which 
{oimed a kind of diapiirtv^m over the outer end. 

These pitted markings may be circular, oval, or elongated transversely 
or more or Jess obJiqnoIv^so as to approach to the appearance of slitl 
Sometimes the later secondary p^ivwths do not extend quite to the edge 



Fip. Lihor-r<'ll of Poriw inTilr. Majrii. 75 diinn. 

Fit;. Fi’iit;uu‘iifc of llio roll in llg. 5;i2. mMgnillo^ .‘?0() iliam. (Thr spiral lines on the ojtpo- 
aiti* Hide of theeell hIiow lhn>u;;h and eros^,) 

Fig. o;? !. ViM’tieiil Heetioii of epidermis of Fw-mhi with many thickening layers. Mugn. 

400 diiun. 

Fig. 511.5. Transvi'i'se seetlon of wlls of the petiole of Xyinphrea alba, showing the laminated 
wall. Mugn. noodiam. 

Fig. 530. Fragment of a pitted duet of Laurun sassafras. Magn. 200 diam. 

of tlie aperture in the earlier layers, and the successive layers may so 
retreat from this edge that the caiinJ bc^couies at length funnel-shaped ; 
in this case tlu^ pit, when seen in front, pr(\sents a double outline, one 
corresponding to the outer end, the otlu^r to the inner and wider end 
(fig. 630). 
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Bordered Pits.-~This condition may be further complicated by the 
existence of a lenticular depression between the contiguous walls of pitted 
cells, as in the wood of Coniferse (fig. 537). The outline of this depression 
gives the appearance of a circle surrounding the central pit — the circle 
being due to the greater thickness of secondary growth in that situation. 
Schacht, however, asserts that the pit is a real perforation, and, further, 
that in the very young condition the lenticular cavity between two ad- 
jacent cells is divided into two compartments by a thin longitudiufil parti- 



Pifes or “ CTliindH” of Conifera’. 

A. Part of a wood-cell of Ginkgo biluha, in vertical Hei tioiu Maf;n. 500 diam. B. TransviirHe 
Hcction of a wood-cidl of Pinus Pinen : n, a bordered i)it or “ffland/’ Ma«n. 100!» diam, 
C. Fragment of the wall of a wood-cell of Pinuft Pinea, with a bordered pit or “ gland : " 
a, the pit; &, the large ring, cauaed l>y the lenticular interspace («). Magn. lOJO diam. 

tion, which is the primary deposit of the two cells, Tlie lenticular cavity 
is formed by the resorption of this depusit, and a cominnniiration esta- 
blished between the two adjacenti’ cells. These areolated pits (or maculrej 
as Schacht calls them) are not, as was o’lco supposed, confined to the 
Ooiiiferm j but they an* uni vorsally found throughout that group with a 
regularity of disposition and constancy of occurrence not known else- 
wh(jre. 

Lattice or Clathrate Cells, Sieve disks. — A further compli- 
cation of the pitted structure has been described by Von Mobl 
as occurring in the vasa pmprla of the vascular bundles of Mono- 
cotyledons, and in the thin- walled ceils^ layers of which alternate 
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with the long w(X)(ly fibres in the liber of Dicotyledons. In 
these cells, which that author calls “ latticed or “ clathrate ” cells, 
the membrane which forms the diaphragm closing large pits is 
marked with an excessively delicate jietwork, apparently formed 
of fibres applied u])oii the primary membrane, and generally per- 
forated. This occurs not only in the pits of the side-walls, but in 
those which are found on the septa between cells standing one 
above another, and w hich constitute iha sieve disics of the Germans, 
the said disks being covered on one side with a thick hyaline struc- 
tureless perforated ])late, not coloured bine by iodine, and w^hose 
nature and functions are at ])resent ujikiiown. 

Spiral Deposits. — The “ fibrous ’’ secondary layers may present 
the form of a single spiral band, running from one end of the 
cell to llie oilier, and uith the turns of Ihe spire quite close or 
more or Jt‘ss distant (fig. ; or the spiral band may be double, 


Fig. 540. 



Fig. Cell from the sporangium of Ktiuiactum orrnijie. Magn. lCjO diiun. 

Fig. 51^9. Cells from the sporangium of Marvkantia polymorj-Im. JSlagn. 200 diam. 

Fig. r)40. Cells from the leaf of Samsetitru guineemUs, Magn. 400 diam. 

triple, or even consist of six or more parallel bands. Very often 
these spiral secondary deposits are suHieieiitly elastic to allow of 
their being stretched out, the comparali^ely thin primary membrane 
to which they adhere giving w'ay at the interstices. 

In the cells of the coat of the seed of VoUomiay the primary membrane 
becomes, during the ripening of the seed, converted into a substance 
which softens and swells up in -water j so tliat when this structure is 
w'ettiid, the spiral iibi'e spiiugs out, opening its coils w idely like a -wire 
spring. 



THE CELL-WALL. 


489 


The annular thickenings (fig. 539) are less common than the 
spiral, but occur sometimes in the same cell, and also in association 
A\ith the next kind, the reticulated. The rings are generally at 
some little distance apart. 

The reticulated secondary layers may be uniform over the wail of 
the (.*011, or irregular (fig. 540), wliich is more frequent, since the 
ordinary cause of the reticulated appearance is the formation of 
vertical conmicting bars between rings or spiral coils at the angles 
of the cells ; when this occurs very regulai’ly, a ladder-like arrange- 
ment results, giving what is called the scalariform structure, espe- 
cially fre(iuent in iiio vascular structure of herns (tig. 541). 


Fig. 541. 



6 


Fig. 542. 



Fig. .VI 1. FraguK'Ht of a soulariforxn vi*h.s<* 1 of a Tree Ft'rri : a, walls in contact with other 
vess<'lH: h, ?>, walls in conUu-t with cells. Miign. 200 diam. 

Fig. 542. W'ood-ccllb of Yew ; vertical bectioa. Mugn. itOO dium. 


The connecting bars of tlie reliciilated and sctilarifonn cc^ls must not 
be supposed to originate after th(^ riugs or .spirals ; they are coriltunpo- 
raneously dev(d()po(l ; and the div(n\sitie8 in the cl(vst*ne.ss of the coils of 
cells are like^^ise original jK‘culiaritie.s of the d(qn)sits. 'I'he statem<*nt 
that the turn.s of spiral coils are opened by longit udiiial growth of the 
iiriinary membrane to wliich they adhere seems to be founded on specu- 
lative notions. 

^rhe spiral structure of secondary depo.sits is beautifully seen in the 
elaters of Jtuuiermanuia and Marchantuiy in the (‘.ells of the aiirial roots of 
epiphytic Orchids, in the cells of the wood of (aictacete, and in the spiral 
vessels of the veins of the leaves and h jif-.stalks of Monocotylcdonous 
plants, such as the Hyacinth, Narcissus, Mum ( wliich pre.sents as many 
as 20 parallel bands), shoots of Fkhu*, leaf-stalks of garden Khuharb, 
Strawberries, &c., also in tlie pettd.s of didicrately organized flowers. 
Annular cells are well seim in the sporanges of Marchantia and other 
Liverworts, and in many of the structures just mentioned with spiral and 
reticulated c(‘lls. 

Scalariform Tissue. — The scalariform marking is most regular in 
Ferns, and approaches very nearly to the more regular form.s of the 
thickening above described, so that the spiral-fibrous and the dotted 
forms appear as the extremes of an analogous kind of structure. 
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In many wood-cells, especially in root-structures, the reticulated or 
Bcalariform cells have the meshes so small that they become iu fact pitted 
cells. 


Tertiary Layers. — In some cells both kinds of tluckening occur, 
so that it is convenient to distinguish tertiary growths. In the 
wood-C(‘lls of the Yiiw ( lig. 542), of the Lime, and other plants the 
secondary layers are ]>i(t<jd, and a tertiary growth subsequently 
appears in the form of a s])iral fibre. 

The pits nil tla; walls of ceiitigiions cells correspond, and they do not 
gcaienilly occur o])])(K ile inlertu lluLir .-pjices, or on tin* outside of epidernial 
cells; hut (‘Xct'jitiorKs occur to both these rules, to the hitler es}^ecially 
in tlie h?iivi^^ of Cyrafi. The lirst rut* has much influence on the marking 
of till* hirg(^ cello forniirig ]m*t of r/ac/x, wliich aie ofti'ii iu contact with 
8t‘ve]*al c<‘H4, out* ahovi* anotlier, and with pan'iiehyma-cells, other ducts, 
or witli in1('rc('llnlar spai-t's, oil (.lilferi'iit sides, lii tht^ wood-cells of 
( 'oniters, the ])<‘culiiu* bordered pits occur only on tin* sides paralhd to 
tJie iiiodullary rays, not on the internal and (‘xteriial walls. 


Cellulose, &C. — Cell-iiKunbranes, including the s(‘condary layers, 
are comjiosed of tin,* substanci^ called ceMnlm^ which is one of a class 
of organic comjiounds intimafely conueeb^d as regards chemical 
constitution, but jiresiuiting ri'iuarkalile jihysical differences. Of 
iliesi* com])oinuls the most inijiortant an^ : — .sve/ar and de.rtrine, 
soluble in cold waba*, tind occurring in solution in the cell-sap ; 
starch, insoluble in cold, liiit softening and swtdling into a mucilage 
in boiling water, and found in the form of granules in the cell- 
contents; and (v//c/.).sv, insoluble in cold or boiling water, alcohol 
or ether, obstinately resisting the ^ 

action of alkaline solutions, but soluble . 

in strong sulphuric acid, and forming \ \ 

th(‘ ])erinanent solid p.urts of vi'getable \ \ 

struct ure. 'Jdiis ccliuluse is su])pos(‘d 
to be derived from one or oilier of the '' 

materials above mentioned. ^ / » 


Cell-meinbranos, originally composed of ( \ 

pure ctdliilose, uiidergt) changt's at sul>- ^ j | 

seipieut periods wdiich alter, in a marked j • ! [M/ / 

manner, their behaviour towards clu inicai / ' ^ 

migt'iita ; and it is not at presi'iit ct*rtainly • ' ^/ // 

ascertained what is tlie real cause of the ^ ^ 

seriiis of modifications which they present. V*'^*** of 

Ti* ^ . Gtffw; o, prinmiT membraiur ; b, 

Jt wo compare the membraui' ot a nascent oi<b*Bt st^condary layers; c, more 
cell, of thick-walled pareiiclivnia, the solid matnt secondary ‘ layers ; the 
and often davk-oolourod walk of the coUa Z 

oi old heart -wood, of libei*-eells, the veiy 

resistant membranes of corky ti'isues, and the layers of gelatinous or 
cartilaginous consistence so abundantly developed iu the larger Alg?e, we 
meet with extremely different characteristics, as to the explanation of 
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which different views are (intertaiued. On the one hand it is said that 
the cellulose produced in the foniiation of the origiiud inemhraue or layer 
of thickening: hecoines gradually cenvoitod into different but rdated 
chemical compounds ; on tin*, other, that the cdlulose layers become im- 
pregnated by foridgn substances, gradually infused into" them from the 
lliiid contents, such subdances bt'iug distinguished by the name of in- 
crustinfj matters (tig. o4d). A third vieAV is that of Fr«hny, who ctm- 
siders that there are sevciral kinds or niodilicatious of cellulose, and, morc^- 
over, that those vtigetable structures tVniiunly considered to be made 
up exclusively of cellulose contain matters of a dillorcmt chemical com- 
position. 

Action of Reagents on Cellulose. — 0<'llulos(‘, as found in tlie organized 
condition of cell-membrane, appears to btliave si)me\vhat. dillerently to 
chemical reagents accordiiig to the state of aggregation of its particles 
(that is to say, its density) ; for nascent cell-nu'inbrajies will in many 
cases assume a vioL‘1 or even a blue colour when treated with a strong 
solution of iodine, and washed with water, like starcln The same is the 
case with some of tlie semigelatiiious laycn’s of t jiickening met will) in tli(‘ 
endosperm (»r cotyledons of certain seeds (callod (uni/Ioid), and, moreover, 
in the cell-structures g-enerally w}ii<lj luivi^ been ti’eated in the way de- 
scribed below, to i‘euiov(‘ tln^ so-(^alled ‘‘ incru.sti?)g mattei-s,” Jliit, as a 
general nile, ctllulose does jiot take a blue colour with a^jiieous solution 
of iodine, unless some otlie)- agent, (‘specially sulphuric acid, be a])p]iod at 
tlie same tim(‘. A solution of iodine in zinc cnloiidcj brings out a blue 
colour in fully develo])<3d c.(*ll-membra.n(*8, still iiiort^ reaciily tlian the 
sulphuric acid with iodiui'. These re'ugents ri‘adily alfefd newly formed 
tissues in general ; and tln^ more d<‘lic,ate kinds of ca^llular ti.ssu(*s are 
permanently S(*nsitive to them. Ihit afUn* a tirm* the thiclun* C(‘ll- 
luembranes, and especially th<»s(^ of woody tissues, the cartilaginous 
structures, and the tissue of epid(*rmis and bar If, no long *r become blue, 
but only yellow or brown, with tin*, above reagnits; and it is the. real 
cause of this alteration wliich is tlie subject of the ditlereiicci of o])inion 
above referred to. Auilin and .sulphurk; acid stiiiii the ligiiilicid ceils 
yellow *. 

J^y macerathm for several hours, or boiling for a mirinto or two, in nitric 
acid for woody and carlilaginoii.s ti.'sues or in strong solution of potasli for 
epidermt^l andcanky tissn<‘s, bringing the ctils to a ]H>jnt where tiny still 
exhibit all their structure, but are bleached and softened, then washing 

* The iodide solution consists of 1 grain of iodine, grains of potassic 
iodide, and 1 ounce of distillKl waiter. The suljimric acid is of the strengUi 
of three parts acid to one of water. Tin* jircjmration to Ixi examined is first 
moistened witli a drop of the iodine solution, which is llicn wiped off with a 
brush or piece of blotting-paper, and a drop of tl»c acid is tJien plactid on the 
preparation, which is covered with tliin glass in tJui usual way. Schulze’s solu- 
tion is made by dissolving an excess of metallic zinc in strong bydrocliloric 
acid, allowing the solution to evaporate over a spirit-lamp to the consistence 
of syrup, the zinc hewing kept constantly added if necessary. To the now' 
colourless syrup is added as much potassic iodide as it will take up. The ad- 
vantage of Schulze’s solution is that it does not destroy the tissues, acts more 
speedily, and is less injurious to the micruscope should it liappen to come into 
contact with it. 
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them with water and applying iodine, a blue colour is produced like 
that apjK^aring in iiasccmt cellulose or in tolerably new tissues under the 
iuiluence of sulphuric acid. 

It remains to be ascertained wdiether these processes alter the com- 
position of the cell- membranes, or merely remove infiltrated matters of 
nitrogenous composition, 'llio latter view is supported by the fact that, 
in imperfectly prej)ared objects, some of the more resisting layers appear 
(jj'een^ whichVonld seem to result from an optical combination of the 
blue of thecellulo.se with the ydlow of an infiltrated matter. At the 
same time it must he noticed that the cellulose is brought into a condition 
approaching that of starch, only normal in nascent membranes and in the 
semisolid d(^ posits of “ amyh.id ” above*, mentioned. Frcmy, as above 
stated, considers tliat there are^ otlau* substances bedsides cellulose entering 
into the coiupositit)u of vegetable cell-walls. lYue cellulose forms the 
C(‘Il-wa]l of the c(dlular tissue of bark, fruits, roots, cVe., and is soluble in 
ammoiiiacal coj)pe*r (Lxide*, made by dissolving coppe‘r filings in caustic 
ammonia. Paraedhdose is found in the cedis of the* pith, the epidtirmis, 
the nieKl Hilary ray.s, i'irc. ; it is soluble iu the coppe^r solution, but ejnly 
after sneecial treatment. Fibrose is the constifueait of the? wood-cells, and 
is insedublej in tlie cop]U'r solution, exce.*pt afteu’ spexdal treatment, hut 
solubles in stre)ng sulphuric acid. Vasculoses tlie substance of xvhich vesseds 
are* fen-med, is inseduble^ in hyeliO(!hle)iie.* and sulphuric ac*ids and in the) 
copper solutions, but soluble*, in boiling caustic potash. It is coloured by 
anilin with a little sulphuric acid. 

Inorganic Constituents. — Cell-membrane in ino.st cases contains 
a certain amount of ine)rgaiiic matter ; but this is probably attribu- 
table in general to its b(*ing saturated \xith the watery cell-sap, in 
which various salts exist iu solid ion. In particular cases, however, 
there is a spt^cial de'jtositioii of inorgfuiic sultslauce in the walls of 
cells — as, for in.staiue, iu the Grasses and the Equisetacesc, and 
the Cane-Palms {CdUuuus)^ uhere the epidermal structures are so 
loaded with sUex that they not only acquire a hard texture, render- 
ing them harsh to tlie touch, but, w hen tin* organic matter is de- 
stroyed by burning, a coin])lete skeleton of the tissue remains, 
entirely formed of sili'x. The siliceous coats of the Biatomcce 
afford auotber striking exam])le. 

It is not yet ck*arly made out wdiether the silex is 1161*6 d 6 p 08 ited in a 
layer upon the. cell-mem brain*, or int»*rpenetrutes its substance ; but the 
latter is probably the real state of the ca.'^e. 'J'he pericarp of some plants, 
as Lithospermums contains hme, iu wdiat form it is not certfdn ; but the 
calcium carbonate incrustiiig the. cells of many species of Chara is clearly 
'a mechanical deposit upon tlie out.side of the membrane. 

The membranous wall of the vegetable cell is for the most part 
a permanent structure : forming the “ skeleton ” of plants, ti 
usually remains entire until the decay or destruction of the 
organism in wdiich it exists. It is, as previously stated, in some 
cases subjected to periodical variations in thickness, accord- 
ing to season. Prequently it becomes absorbed or dissolved, 
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ultimately at particular points, as at the contiiruous end-surfaces 
of those cells which become fused together to form vessels or 
ducts ; and in the case of the layer closing the outer ends of the 
canals of the pits or wood-cells, a similar destruction of the 
primary membrami seems to occur. A phenomenon of this kind is 
distinctly presented in the large spiral -fibrous cells of SpJiagrmrn 
(fig. 544), where the walls of old cells are found perforated by 
large round orifices, produced by the separation of circular pieces 
of the cell-wall, and in the cells of flic leaves of Le acobryum 
ylaiicum {fig. 545). In the cells of f he Confervoids producing zoo- 



Flg. 544. C<>11 of Ui(* leaf of Sphagnum cj/mbifolium^ with annular flbres and oriflees in the 
wall. Macn. 400 dianx. 

Fig. 645. Porous cells of tlie leaf of Leucobr^um glaucum ; vertical section. Magn. 
400 diam. 


spores, the wall breaks open af definite ]>laces to allow those to 
escape, exhibiting sjiiali lateral or terminal orifices in Conferva 
(fig. 512, C, d) &c., or breaking quite across by a circular slit in 
(Edoyoviam. In this last genus the cell-wall breaks across in the 
same way in cell-division, to allow the now colls to expand ; and in 
one of the PahneUeee {SchizocMamys) the M^all of the parent cell 
splits off in segments every time a new generation of cells is 
formed. In the case of the clathrate cells and sieve disks pre- 
viously mentioned, the bounding membrane ultimately becomes 
obliterated so as to allow of the ])assage of the protoplasmic con- 
tents of one cell into the cavity of the adjoining coll. If a radial 
section be made of a latticed cell in the stem of a Vegetable Marrow 
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and treated with iodine and sulphuric acid, the cellulose becomes 
stained blue, the protoplasm yellow, and threads of the latter may 
be seen passing from one cell to the other. 

In the formation of tlie ultimately free cells composing pollen-grains 
and of the spores of tin* higher Crvptogarnia, the cells are liberated from 
t]i(‘ parent cells by solution of the* wall of the hitter. The outer layers 
of the cell-wall ind(‘ed often assunu^ a diffeiimt appearance from the inner 
ones; and, as in th(* ca-^e of the pollen-tube, the outer coat dies and splits 
as the inner coat grows into a tiiho. A still miu'e curious phenomenon 
occurs in the process of c(wjv (jatUyn , wlaue two cells coahisce by complete 
union of their M alls. Tlie hi'-t c.'isos appear relatf'd in some degree to the 
origin of tJje gc]alin(>ns coats of tho Tul mcllvff' and other Ouiifervoids, 
Avhi(*h a re ]>roi)Mhlv ]ir(K!uc<‘(l by the disiutogration of the wtJIs of parent 
cells, 'which Ix^corne softened iind sav(‘11 uj) as tin; now generations of cells 
ar<‘ form(;d in tlieir intmior. 

Contents of the Cell. — The solid (‘elluloso structures forming 
fh(^ p(;rsist(mt mass of vogctahlo tissues may be regardcnl as a 
sheledoii or frarrunv ork ; for tlie vital and chemical plnuiomena 
(‘xhibited by ])lauts all depend, in Ibe iirsi instance, upon operations 
which have their seat in the interior of tfu? C(‘ll8. The careful 
investigation of th(' cell-contents is consequently of primary im- 
portance ill the study of Vt;getab]e Physiology. 

Tlie fundanKuital importance of tlie matters within the cell is not only 
demonstrated by what -we an; enabled to observe talcing place in the in- 
ti'rior of living cells, hut, in certain (►f tlu; low(‘r plants, the vitalized con- 
tents aetnally emerge, from their cMUitincanent in the shell of collnloso ( as in 
the case of the so-calh'd move, perform all the functions of plant- 

life, andexliilnt in the course of their suhseijuent eonversion iuto closed 
motionless cells exactly the same pow'er to form new cell-membrtuie as 
takes place in ordinary cell-formation. 

Coll-sap, &c. — The c^m tents of the cell are partly more or less solid, 
partly fluid. When substances exist dissolve<l in the cell-sap, they 
are frequently out of the reach of microsco]uc observation, on account of 
tlie minute quantities in -wliicli they exist, or from the want of suitable 
reagmits to ascertain their presence ; among these art' tlie vegetable alka- 
loids and similar products. The sugar, dextrine, mineral salts, &c. dis- 
solved in the watery ctdl-sap do not readily admit of examination in this 
way. The fluid coioiiring-matters, essential or fixed oils, resins, &c., on 
tli(; contrary, are readily ohseiwcd, on account of tlieir distinct physical 
and chemical characters. This is still more the case with mineral or 
organic salts wliich are siifliciently ahnudant to crystallize in the cell. 

Rut by far the most important of the contents of cells are certain 
organized striicture« wdiich arc regularly met with in the cell-contents, 
either universally or, with certain definite exceptions, at particular epochs 
of tlie life of cells. These are the protoplasm, the mwlovs, and chloropihyll^ 
co?pvsvhs, which are albuminous or proteinaceous in their character, while 
others are destitute of nitrogen, such as the stanh'ijranuks. 
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Protoplasm. — In al] Fig. 54G. 

young growing cells wo ^ 

iru'et w iih a tough rniiei- 
higinous sornifluid sub- 
stauc(% colourless or with 
a yellow tinge, and fre- 

quently of more or less V 

granular character, which V ^ 

increases with the age of ov 

the cell. This substance \\ 

is called the 7 >ro/«/>tew. 

The sperm or eleiueiitary 
UFxils (male) and the cor- 
responding initial i^ernis, or 

iemale oigans, uro, I'ragnients J 

«)t‘ Halved pr<jloj)lasin. '^I'he 

AMvX 0 inyc(it 0 US Fungi aie Ti•ans^<•rs(• scclion ofcvll Tnylorl: a, 

V('r,v iviimi-kiiWc. 'I'l.cy *t;,|V,t“”IlaKl,.'!-lTO 
consist of inns.s('s of proto- ’ *' 

plasm, called y)A/.s';?c><7?Vr, unc^^ve'red by ctdl-menibrane, and wliich niovo 
hy creeping over the suhst{in<*e on which they grow, show cuiT(3nts in 
their intt‘rior, and ultiinatc'ly form roproduclive bodies, covered with a 
cell-wall fornnd from tlnir own snl)stance (soo p. 470). L{i,tt(‘rly Mr. 
J'raricis Darwin has shown that protoplasmic tilamcnta may bo ejected 
and retracted from the c ells of ll\e l(*,af of lh(3 common Teczel. 




Ecto- and Endoplasm. — 1''h(3 prot«>])lasm gOJierally presents a division into 
two layc^rs — tlu‘ outer a hyaline film iji contact with the cell-wall, and 
celled the (‘ctojtUmn, lh(3 otlnn* of ti granular clmracte.r, termed tlie cric/o- 
2}I(iH7n. The cc/o;>/os;n, or pn nmi'dial utricle is the outer libu oflhepro- 
toplasm, from wliick it dilh^rs iii its grcjater deusity and dilh'rent molc?- 
cular structure. Jt may he seen hy Hualdng the tissue in acetic acid, 
is coloured yelhov by iodijje, and is applied intimatedv to the inner 
surface of tlnj c('ll-nit‘mbraiie of young c(‘iJs, pcjrsisting in the cells of 
tissues which are conc erned in the reproduction of cells or the perfor- 
mance of the functions of assimilation, itc., but disappe aring at a com- 
])arativ(;ly (iarly period in ceils which acquire fibrous or pitted woody 
secondary layers. 

I^he cctojdai^m, lining the entire wall of llie c.c^Il, forms a kind of me ; but 
it is not a lueuibranc in the same sense as the proper cell-wall, since, 
altliougli it presents a cc^rtain cohesion and resistance to the penotratioii 
of water, it is not merely flexible, but ductile, and capable^ of moulding 
itself into new external forms, the? sac, in cell-divisicm, becoming con- 
stricted into two or more portions Avithout wriTilding. When the zoo- 
spores of the Algfc escape from the part3nt cell, tlie primordial utricle 
forms the external boundary of the structure of the zoospore, which has a 
definite form in each case. The ectoplasm presents a radial striation, 
rendered more evident by the action of osmic acid. According to Stras- 
burger it consists of small rods of relatively dense substance, with the in- 
tervening spaces filled with cell-sap or watery proti^pkasni. The cHia of 
zoospores, which are extremely line vibratile threads, are productions 
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from the rods. The cellulose coat of the cell is secreted hj the ectoplasm. 
The molecular structure of protoplasm is probably varied in different 
cases. The investig’ation of this obscure subject is of immense import- 
ance, as the functions of life seem to depend on the activity and behaviour 
of the molecules of protoplasm. They have been recently called plasti- 
dulesj and, unlike the molecules of the cell-coat, are not crystalline. 

The protoplasm is not always readily discoverable in living cells, on 
account of its close apposition to the cell- wall, but it may be detected by 
the application of a W(iak solution of iodine, which colours it brown, and 
soon causes it to contract and separate from the cell-membrane (fig. /54(5). 
The contraction is disadvantageous in some cases, if it go very far, as the 
layer becomes applied upon the inner cell- contents. The structure is 
very well seen by placing portions of the green tissue of leaves, &c. 
(which retain the primordial utri(de after acquiring their full size), of the 
pulp of fruits, the leaves of Mosses or Tnverworts (fig. 540), or the fila- 
ments of (lonfervoids, in alcohol, or treating them with dilute nitric or 
hydrochloric acid. The primordial utricle tlien separates from the cell- 
wall witlioiit becoming much di.s(‘()loured. The chemical properties of 
protoplasm indicate its afHnity to albuminoid substances. It is, moreover, 
mixed with oily substances and inorganic or iiicombu.stible materials. 

Vacuoles, &c. — In young (*(‘11 h, such as those in the cambium- 
layer of stems, in the growing ])arts of leaves, &c., the protoplasm 
nearly fills up the cavity, or at all events occupies all the space not 
filled by the nuchnsi. Ey degnios, as the cell expands, spaces called 
vacuoles^ make their apj)earance in the ])rotoplasiu, filled with 
watery cell-sap (fig. 547) ; they may be regarded as drops of 
watery fluid surrounded by protoplasm, which latter is thus trans- 
formed into a kind of froth, which is often finally displjicod so 
entirely by the cell-sap fhat it forms merely a layer applied against 
the primordial utricle. In many /.oospores these vacuoles art? seen 
to contract and expand, ])robably from the varvirjg contractility or 
degree of turgescence of tlie surrounding protoplasm. These 
movements art^ identical with similar pheiiomejia witnessed in Pro- 
tozoa, and are the first indications of a respiratory or circulatory 
system. 

Movemenla in the protoplasm, rendered evident by Ihe movement of 
the granules floating in it, occur in many plants, probably in all, and are 
attributed by some to contractility of the protoplasm, by others to alter- 
nate turgesceiice and emptying of certain portions of the protoplasm. 
They are strictly analogous to the movements seen in Amevha and other 
similar low animal organisms. The protoplasm is said to be chambered 
when the cell-sap is traversed by several anastomosing plates of protoplasm. 

Nucleus. — In the protoplasm of most young cells, and persistent 
through life in the parenchymatous structure of some plants, as of 
the Orchidacea?, occurs the globular or lenticular body called the 
nucleus of the cell, or n/tohlast (figs. 547, & 548), discovered by 

Bauer, and first investigated by Eobert Bro^vn. This appears to 
be a mass of substance identical with protoplasm, aud it mostly 
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presents the appearance of a central cavity or vacuole containing 
one or more small granules called nucleoli. 

Fig. 547, 



547. Uppt'r end of a young hair of the stamen of IVafhKanith, showing the cells in 
various stages of development ; ?i, «. mudei, Magn. -KK) diam. 

Fig. 51S. Cell with a nutdeus, from the stem of Orchui vumcula. Magn. 4o0 diam. 

The nucleus is not usually found in Fungi or Lichens ; and many Alga? 
are likewise unprovided with it. 

Movements of the Nucleus, &c.— -The nucleus probably originally 
occupies the centre of all nascent cells where it exists, the inter- 
space between it and the primordial utricle being tilled up by pro- 
toplasm. When the vacuolar displaceimmt of the latter by watery 
cell-sap takes place, the iiuctleus, if i)ersistent, is usually carried to 
one side of the cell, and comes into contact with the inner boundary 
of the primordial utricle. Sometimes, however, it remains sus- 
pended in the centre of the cell by cords of tough protoplasm, 
stretched from a layer of protoplasm coating the nucleus to that 
which lies upon the primordial utricle. Ttie cords of protoplasm 
radiating from the nucleus are the persistent boundaries of the 
vacuolar spaces of the “ honeycombed” protoplasm. The nucleus 
itself, according to llanstein, is dragged out of shape, as it were, 
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by the contraction of the protoplasmic threads attached to it, and‘, 
moreover, itself imderpjoea, in some cases, changes of form ana- 
logous to those manifested by Aracehce. (8ee under Myxomycttes^ 
p. 471.) 

The gi'adual vacuolation of the protoplasm and the transfer of the nu- 
cleus to the side of the (!ell may he well seen in the hairs of the stamens 
of Tvade^cantia (fig. 547). In Sfnroffyra and Zyynema the nucleus re- 
mains always suspended in the middle of the cell by the protoplasmic 
cords. The ultimately parietal nucleus of the hairs of Tradesccmtiu ex- 
hibits radiating cords, the protoplasm here being in process of absorption. 
In Vallwneria and in (Edoyomxim and other Oonfervoids, the nucleus 
becomes imhedd(‘d in the continuous parietal layer of protoplasm which 
lies upon the prijuordial utricle. The nucleus has the property of breah- 
ing up and, as it were, disappc^aring fora time, to reappear in the form of 
two or mort} new nuclei of larger size than the original nucleus. This 
])rocess occurs in the formation of the polhui in the embryo-sac of ITiane- 
rogamous plants, <fec. The nucleus is sometimes, according to (hdin, in- 
\ (isted with a layer of starch, and is coloured by carmine solution, which 
h‘aves the ninylaceous envelope unstained. 

Chlorophyll. — lii iill ])arts of plants wliieh have Fig. f)40. 
a green colour \^'e lind the cell containing in its 
cavity structures quite distinct from the cell-wall 
and from the primordial utricle, in which the green 
colouring-matter resides. I’he ordinary form of 
tlu'se is that of globular or s))beroidal corpuscles, 
which a])pear in great(‘r number and of darke^r 
green colour in j)roporlion t-o the intensity of solar 
light to which the tissue may be exposed. In a 
few cases tin*, green colouring-matter is found in 
the form of annular or spiral hands {iJmpaniald Id, 

^Spirof/ym, fig. 549), or of reticulated cords (C7u(/u- 
yj/zu/vr), of mucilaginous consistence, adhering to 
the inside of the primordial utricle. In some Con- 
fervas the green colouring-matter appi^ars diffused 
through a portion of the protoplasm in the form of 
very minute granules. Jri many unicellular Alga>, 
in the Algoid gonidia of Lichens, &c., the green 
colouring-matter is uniformly distributed through- 
out the cell, and is not separable from the rest of 
tlie protoplasm. 

The €hlorophylhcx)rpu$de^^ are of soft consistence ; 
and their colour is extriK'ted bv ether, alcohol, and « „ , 

various acids. Ihey consist or protoplasmic colour- ot Spirogyra, yiixh 
less substance mixed with colouriiig-rnatter. The 
former may exist by itself nnmixed ; but the colour- 
ing-matter is never found separate in nature. They appear 
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nsually solid and homogeneous when young ; subsequently they 
often contain starch-granules in the interior, and not unfrequently 
they become vacuolated like protoplasm when exposed to the direct 
action of; water. 

Fremy states that tlie green colour of chlorophyll is due to an 
admixture of two substances, one yellow and the other blue, called 
r(^spectively 'plujlloxanthiifie and pJoftlocifanitie ; but others think tliat 
the blue substance is a modilicalion of the yellow, brought about 
by the agency of the acids. Our chemical knowledge of chloro- 
phyll, however, is at present incomplete. 8orby states that cbJo- 
ro])hyll exists in a blue and in a yellow' state. Bhie Morophtfll 
w'hen dissolved in alcohol, is of a splendid bine-green colour, the 
whole of the green part of the spectrum and part of the blue 
being readily transmitted. Ydlou^ chlorophf/ll absorbs the whole 
of the blue and the blu(‘ end of the green, so that the colour is a 
})right yellow-green. CJiloroftivine is of a clear yt^Jlow'-greeu colour, 
Ihioresceiit lik(? the two preceding. 'J’li(*se three varieties of chloro- 
phyll are insolubh^ in water, soluble in absolute alcoliol, hut not 
always in carbon-bisnlj)hide. < )tlier colonring-mattcu’s, with diffennit 
o])li<*al properties and soluble in carbon bisulphide, are described 
by Sorby. 

The chloroy>hyll-corpiiscl(^8 are probably formed fr(>7n the protoplasm 
of the cell bretiliing up into distinct globular cor])UHcl<‘S, or distributing 
itself ac'cordingto patterns, as above indicattM.1, upon the cell-wuill. When 
newly formed, in young cells, they arc^ almost colimrless, and appear in 
the vicinity of the niudeus and in the JayiTs or streaks of j>roto])lasm ; and 
W'e not unfrequently meet with protojdasmic corpuscles vvhicdi dill'er from 
chloropliy 11 -corpuscles only in the absence of the green colour. 

Development of Chlorophyll.- development of chlorophyll takes 

place thus : — In the young ceil the proUqJasiii is colr)urless and disposed 
in a thick layer around the inner wall of the cell ; in this appears first a 
yellow colouring-matter ; and then tlie inner ])ortiou of this protoplasm 
gradually splits up into ])olygoTnil portions, each of w hieh becomes a grain 
of chlorophyll. In ot her castes the chb>rophyll is hnninal in a layer of pro- 
toplasm suiTounding the nucleus. Vacmles are foriiK'd in it, and break up 
the substance of the pnUoplasm into granules. In this latter ctise more 
uncoloured protoplasm is left afUu* the formation of tht? chluropliyll than 
in the preceding case. 

Decay of Chlorophyll. — The destruction or decay of chlorophyll shows 
itself first in the <;hange of colour from peon to yellow or orange, or, in 
the case of the spores of AlgJC, to red. This red colour is supposed to be due 
to oxidation, assumed at the time wlien the spores come to rest ; when 
m'.tive x-egetation again commences, the green colour is rest-ored. In the 
case of leaves at the fall, the grains of chlorophyll diminish, then disappear 
and give place to highly refracting granules of an orange colour, which 
are the remnants of the disorganized chlorophyll, and to which the colour 
of leaves in autumn is due (see p. 540^. While these processes are going on, 

2k 2 
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the gtarch and the protoplasm are dimhed and stored awavJn the perma- 
nent tissues. In plants Kent in the dark Oris noticed that the ctlor^hylir 
grains slowly and gradually become smaller, lose their starch and their 
colour, till at length nothing but a number of minute amorphous granules 
i^emains. Some plants, such as Selaginella, some Ferns, &c., resist the 
deprivation of light much more than others; but in the case of quickly 
growing plants, two or three days’ obscurity suffice to disorganize the 
chlorophyll. 

Action of Reagents on Kitrogenous Contents. — The protoplasm, the nu- 
cleus, and the chlorophyll-granules are all substances containing nitrogen 
and closely allied to albumen ; they are more or less coagulable by heat, 
alcohol, and acids, and soluble in caustic pf>tash. The principal tests are 
the following, though it must be remembered that their action is masked 
by the colouring-matters of the cell, and that they are not in all cases 
manifested in living, but only in dead cells: — Iodine gives a brown or 
yellowish tinge to those structures ; ammoniacal solution of carmine tinges 
them pink. When treated with nitric acid, and subsequently with am- 
monia, a yellow tint is formed, indicating the presence of xantho-protein ; 
when soaked in a solution of copper sulpliate and al'terwards treated with 
potash, a violet colour is produced in the protoplasm and chlorophyll ; 
nut this has not been observ(‘d in the case of the imcloiis. It must be 
remember(idthat the solubility of protoplasm in acids and alkalies depends 
not only on the stnmgth of the solvent, but also on the condition of the 
substaru^e at the time of the experiment. 

Aleurone exists in many socmIs in the form of roundish co- 
lourless granules pitted on the surface, or oven presenting facets 
like those of crystals. The granules o(*cur between the starch- 
grains, or, in the ease of oily schhIs, in large roundish or angular 
masses. They are, for the most part, about equal in size; but here 
aTul there one occurs much larger than the rest, and which is 
remarkable for the rapidity witliwhicli it disvsolses in water; hence 
it escapes observation under the microsi ope whem the tissues are 
examined, as they usually are, in Avater. Aleurone or protem-gtytim^ 
as they arc sonu'times called, are insolubh* in ether, alcohol, and oil ; 
l»enee, in order to see the aleurone, the following j)rocess is 
adopted: — Thin slices of almonds or other seeds are soaked in 
olive-oil, the oil is subsequently filtered a7id allowed to stand. 
Home hours subsequently a white powdi'r is ])recipitated ; this is 
removed from the oil by filtration, and washt^d in ether or alcohol, 
so as to remove the oil ; it is then allowed to dry, and the resulting 
|)owder is pure aleurone. Aleurom^-grains often contain, iiii- 
l)edded wdthin their substance, crystals of calcium oxalate, or glo- 
liose masses of magnesium phosj)hate. Aleurone is coloured brown 
by iodine, and the inner portions of the grain assume a brick-red 
colour after soaking for some minutes in a solution of mercuric 
nitrate ; hence it is considered to be of albuminoid nature, and to 
l>e of service in providing nutriment for the de>'eloping embryo. 
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The nature, mode of formation, and chemical history of this sub- 
stance all stand in need of further investigation. 

Crystalloids. — Masses of proteinaceous substance of a crystalline 
form, but differing chemically from true crystals, occur imbedded 
in the protoplasm of many plants, especially of such as are in a 
dormant condition, as beneath the rind of the tuber of the Potato. 
Their function seems to be to act as a reserve of nourishment to 
be used when growth becomes active. {Similar crystalloids have 
been seen in many Eed Seawet^ds. 

Starch. — Starch-granules appear to occur throughout every class 
of plants except the Fungi, and are perhaps most frequently of 
globular form when young ; but when they acquire any cousider- 
able size their form usually diverges from this, and pn^seiits very 
remarkable varieti(?s, often attributable to the conditions in which 
they grow. Full-grown starch-granules are not homogeneous, but 
marked with striic indicating the concentric lamina' of which they 
are composed. These lamime are alternately of denser and softer 
consistence, and surround a commonly more or less excentric point, 
usually of very small size (fig. 550), which often appears solid when 
the starch-granule is fresh, but which forms a minute cavity, frtJ- 
quently ruiming out into a few radiating cracks, when the starch- 
granules are dry. 

The granul(3S occur either singly or collected in masses of definite 
shape, forming coni})Ouiicl granules (tig. 551 ); v()ry often they exist 


Fig. 550. 


Fig. 651. 




Pig. o-W. Sbarcli-gramtl«!H of Potato. Magn. 400 diam. 

Pig. 561. Compound Htaroh-gmnuJes ; «, a doublo granule from the Potato; 6, grouped 
gmnules and two fragments from tlic rhizome of ArvLnx maculaltim. Magn. 
400 diam. 


in the interior of chlorophyll-corpuscles or bands, or imbedded in 
the protoplasm lining the cell-wall. In certain tissues they fill the 
cavity of the full-grown cell, and in some cases so densely that they 
become moulded into polygonal forms by mutual pressure. 
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Slarch-^ranul(^s are commonly unaffected by cold water; but 
when crushed, the inner layers will sometimes absorb it and swell 
up. Boiling Acaier causes them to swell up into a jelly, losing all 
trace of their laminated structure — as do also diluted sulphuric acid 
and solution of potash. 

Iodine colours starch-granules violet, indigo-blue, or deej) 
blackish blue, in proportion to the dogreo of concentration in 
which it is employed. J3y moans of dilute sulphuric acid, starch 
may be converted into dextrine and glueose. Alodern researches 
have shown that starch consists of two substances intimately com- 
biiK^d, one of which, (fra)mlos(\ is more soluble in saliva than the 
other, vAUdose; and the action of iodine is also different in the 
two easels. 

Mode of formation. — ( ircfit disc ussien luis taken placf^ of late years as to 
the structure and the mode of deY(‘lopnu‘iit of starch-uTauuUis. They are 
nppareiitlv formed of a number of (‘oncentric lamime, which increase in 
density from within outwards. Tlieir substance is hardly distinguishable 
from tliat coudilion of (‘clhilose wherc^ iJie ccdl-juemhrane swells into a. 
gelatinous Huhstanco with dilute sulphuric acid, or even sometimes with 
water, and takes a more or less clcMucled blue colour with iodine alone. 
Willi regard to tlicur mode of development, they appear to be formed 
cdtlier by intussusc^eption, as maintained by Niigeli and Sacha, or by the 
deposition of successive tayiTS of starch-substance, by protoplasm, in the 
interior of vacuolar cavities fornu'd in the protoplasmic matter of the cell, 
either while this exists as a colourless mucilaginous nuitb^r, or after it 
has become nion; highly organized into chlorophyll-corpuscles. Starch- 
granules, ill fact, a]>pear accouling to this view, to be formed by secretion 
on the inside of a utricle of ])rotoplasm, exactly in the same way as the 
cellulose wall of the cell is secrc*ted on the outsidt^ of the primordial 
utricle. 


Fig. 552. 


Fig. 55^. 




Fig. Part of a ool] of the stem of the White Lily: n, nucleus, surrounded by protoplasm 
in which starch-granules (#) are bein{^ developed. Magn. 400 diam. 

Fig. r>ya. Stareh i»f Maize : a, peertion ef a yoxing cell of the seed, with nascent staroh-gmnuhjs 
imbedded in protoplasm ; 6, section of a full-grown cell with the star eh -granules 
in contact and become angular by mutual i)re8sure. Magn. 200 diam. 


This mode of development is well illustrated in the formation of starch- 
granules in the cords of protoplasm which have ceased to circulate, in 
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many herbaceous Monocotyledonous steins, as that of the Wliite Lily 
(%. 552), &c., — by the appearance of single or several starch-granules 
in old chlorophyll-corpuscles, or in the substance of the bauds of aS)>5v>- 
gi/ra (fig. 640), &c. Still more strikingly is it shown in the development 
of the starch -granules which ultimately densely fill the outer cells of tlie 
endosperm of Maize, where they ai'e at first free from each other, im- 
bedded in a collection of protoplasm filling the cell (fig. 55;!, a\ and, as 
they expand, come into contact and almost displace all the protoidasm , 
which remains only as a reticulation of slender threads (fig. 55;!, 1), A 
siiuilar reticulation of protoplasm-threads remains on the walls of the 
cells of the Potato-tuber after its starch-granules are formed. 

The origin of the compound granules, iu pairs, fours, or very many 
com])acted together into a mass, moulded together by mutmil prtissure on 
their contiguous surfaces, is readily explicable, since we often tind sev'eral 
isolated nascent granules in one chlorophyll- or protoplasm-coi*pus(de : as 
the granuhis increase, in size they come into ci»nta(*.t, but remain bound 
together by the mass of protoplasm in which they lie. Such granules 
( found in tlie corms of CVecw/f and Armn (fig. 553, /> ), in the Oat, and mon» 

less abundantly in many other Momxuityledoiious plants) are mostly 
simply coherent, so that they may hf* separated by slight pr(^ssiire. Hut 
it is not umtommon to find twin granules (mclosed by external layers 
common to both (fig. 553, a). 

Relation to Chlorophyll. — Starch-grains are almost universally present 
in chlorophyll, from which, indeed, they are formed. This opinion diflers 
from that of Mohl, but is supported by tlu^ discoveries of Sardis and Ons, 
the former of whom shows conclusively that the starch is devrdopod from 
the chlorophyll under the influence of light, espr^cially in the yellow, red, 
or orange rays : if light excluded, no starcli is formed, what is alrt^ady 
formed disappr^ars, but starch is again fornuxl when tlie chlorophyll is once 
more subjected to the influencr* of light. Without chlorophyll no starch is 
formed ; it may, howevr>r, be stored up in cells containing no chlorophyll, 
but is brought ther(3 from the cells in which it is formed. 

Decay of Starch-grains. — Starch is a temporary ingredient of 
the cell-content s ; it is accumulated during active vegi^tation, and is 
abundantly deposited in the tissues of many organs which remain 
at rest during certain seasons. In the recommencement of growth 
it is dissolved, in consequence of the formation of difMtasfi (which 
converts the insoluble starch into soluble deMrine), and the as- 
similated substance is applied to the formation of permanent 
structure. 

Starch-grains are disintegrated or dissolved, when growth is about to 
take place, in two ways— either locally (when the grains present a 
worm-eaten appearance) or uniformly over the whole surface. 

Inulin. — In certain plants starch-granules are absent in those 
situations where they are generally abundant, being replaced by a 
substance of analogous composition, called inuline. This has been 
found especially in the roots of tubers of the Compositse. It is 
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not clear whether it occurs dissolved in the cell-sap or in granules 
mixed with the protoplasm. From solutions it crystallizes in 
spherical masses of radiating crystals, which may also be seen bv 
dipping the sections of the tissue in alcohol. As it has no special 
reactions giving distinct colour, like starch, it cannot be detected 
except by chemical analysis. 

Fixed Oils. — The fixed oils, which occur abundantly in many 
seeds and fruits, are easily distinguished in the cell-contents on 
account of their forming isolated globules, merely suspended in the 
watery cell-sap, which strongly refract light, and can be made to 
run together into large globules by pressure and by the application 
of ether. 

The oiTghhnles occur mostly in organs prepared for a season of rest, 
as in the endosperm (Oocoa-niit) or cotyledons (Almond) of seeds, or in 
tlie pericarp (Olive) of the higher plants — also sometimes in tubers, as in 
those of Ci/pirus escttlenius. Among the lower plants oil is especially 
abundant in tlie restiiig-sporos of the Alg;e, taking the place of the starch- 
granules existing during* active vegetation. 

Essential Oils. — Essential oils are readily distinguishable when 
they exist in quantity suspended in the (!oil-sap, or entirely filling 
tlu; cell ; sonudirnes, howov<^r, they exist in such small proportions 
as to be undistiuguishable, as is the case in many scented petals. 

The essential oils are developed, like the fluid colonring-matters, in 
vacuoles of the protoplasm, resolved in tinn^ into one large cell-cavity 
hounded by the layer of the protoplasm lining the primordial utricle. 
The oily niatters, caoiitcliouc, resins, S:c,, are usually found in compound 
(tellular organs, glands, ducts, See., to be mentioned presently, under the 
head of Tissues. 

Sugar, Gum, etc. — Sugar, dextrine, gum, and similar substances 
dissolved in the watery cell-sap are not. capable of detection by the 
microscope, since the quantities in which they exist are too small 
to alter sufficiently the refractive power of the liquids ; and we 
have no colour-test for them. 

The gummy matters of plants (which swell up in cold water and form 
a slimy mass) are in many cases parts of the cellulose tissues themselves, 
as is the case in the seed-coat of Linseed, the Quince, &c., and the gum 
of Tragacanth, which latter consists of tlie coUenchymatous tissue into 
which the pith and medullary rays of the stem are gradually converted. 
They result from the abundant formation of secondary layers in that state 
of the ** cellulose ” compound which is intermediate between cell-mem- 
brane and dextrine, just as the ** amyloid ’’ of the secondaiy^ layers of the 
cells of some Lichens is an intermediate condition between cellulose and 
starch. Bassorine and Arahine are formed in a similar manner, from the 
disorganization of the cellulose matters \ hence these materials are to be 
looked on as excrementitious. 
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Colours of Flowers. — The bright colours of the parts of flowers 
are produced by substances usually dissolved in the watery cell- 
sap ; sometimes, however, solid corpuscles or utricular structures 
are found swimming in coloured cell-sap. 

In young tissues of flowers the colouring-matter may he observed to he 
formed gradually in the vacuoles of the protoplasm, and, as the cells ex- 
pand, increasing in qiiantity until the separate portions coalesce and fill 
the whole cavity of the cell. This is well seen in the coloured hairs of 
the stamens of Tradesmniia. 

The colouring-matters of flowers admit of being grouped in two series, 
the cyanic series and the xanthic series, with green as an intermediate 
Cf)lour : thus, starting with greenish blue, the cyanic series passes through 
blue, blue-violet, violet, violet-red to red ; the xanthic series, on the other 
hand, passes from green to greenish yellow, yellow, orange-yellow, orange, 
orange-red to red. The cyanic colours are usually in solution ; the xanthic 
colours are usually solid. It ve.ry rartdy happens that the C( dours of the two 
stories are met with in the same flower ; hence, though Dahlias and Itoses of 
almost all hues are now to be seen, a true blue tint has never been seen 
in either ; and there are numerous illustrations of tliis fact in gardens. The 
various tints of colour are produced (uther by the interposition of colour- 
less cells between those containing coloured juices or by the superposition 
of cells with diilerent colouring-matter one over the other. Thus an 
orange tint would arise from tlui superposition of yellow cells over red, 
and so forth. White is produced either by a very dilute coloured solution 
or by the presence of air in comparatively largo quantities in the tissues. 
The velvety appearance of the petals of many flowju’s is due to the fa(.*t 
that the epidermal cells are raised in the form of small conical elevations 
like the pile of velvet, and the })lay ol‘ light thereon gives rise to the 
appearance above mentioned. 

Kaphides. — The wab^ry fluids traversing the tissues of gro^^ ing 
plants, in (?onse(]uence of tlie evaporation from the leaves and the 
continual absorption by the roots, necessarily contain various in- 
organic salts dissolved in them. M(»reover certain organic acids, 
such as oxalic, malic, tartaric, &c., are always formed in the pro- 
cesses of vegetable digestion. All these siibstanc(*s and their com- 
pounds are, for the most- part, dissolved in the c(dl-sap ; but in 
most of the higher plants we find, in certain cells of the parenchy- 
matous tissues, crystals of definite composition, either scattered or 
collected into groups of definite form. These crystals are called 
niphides (fig. 555). They are common in certain orders of Flower- 
ing Plants and Fungi, though others seem destitute of them. 

It is not clear whether the raphides are to be regarded as a secretion 
or as an excretion — that is, as siinatances useless or noxious to the plant, 
laid by in an insoluble form. The latter seems more probable, especially 
as they are usually deposited in tissues of enfeebled vitality. The Poly- 
gonacese (for example, the Garden lihuharb) form ahunclance of oxalic 
and other organic acids, and they always contain a quantity of bundles of 
raphides composed chiefly of calcium oxalate ; in old stems of Cactacese, 
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the substance of the parenchyma is rendered quite gritty to the touch by 
crystals of calcium oxalate and phosphate (tig. 554); the Musacefc con- 
tain crystals of calcium sulphate, &c. The large spivular cells of Arauca- 
ria and of Welwitschiaj already referred to, are covered with small 
crystals. 


Fior. 554. 


Clustered cryntuis from 
Caotug. 


Fig. 555. 



Acieular crvHtttlH ( rnidiidee) in a cell 
of Poii/antkfg fu/>erofio, ma?nifi<‘d 
400diam. ; a, a single cryetal, more 
magnilied. 


Crystals usual ly occur free in tlie cavity of the cell ; but in some 
plants, especially in the Urlicactiie, vve find them accumulated on a 
clavate prot*ess, formed of cellulose, developed from the side- wall 
of the cell : these ar(3 (tailed cystolitkes. 

Thes(? curious stru( 3 tures are well seen in the subepidermal cells of th(3 
leaf of Fivus elastica and other species — also in Faricturidy the Mulberry, &c. 

Other important substances, such as the vegetable alkaloids and the 
great number of organic acids usually associated with them, exist either 
dissolved in the cell-sap, intermixed with the protoplasm, or diflused in 
th(» 8(did cell-striicturevS as impregnating or incrusling substances. W^ith 
regard to these, microscopic investigation has not hitherto afforded any 
information. 



Sect. 3. CoMBiis^vTioxs of Celi.s. 

Tissues consist of collections of cells of uniform character com- 
bi iuhI together by apposition or by more or less complete union of 
their outer surfaces. They are produced by the aggn^gatioii and 
juxtaposition of cells of equal age or degree, originally separate and 
distinct, or more frequently by cells which are formed by repeated 
subdivisions of preexisting cells. In the one case the tissue is mul- 
tiple from the first as to its elementary constituents ; in the other it is, 
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at least relatively, simple, its coustituerits being the descendants of 
a small number of cells. 

The simplest mode of combination of cells is that which is mot with in 
a large number of the .\lgm of low organization, where the cells are asso- 
ciated for a time in what are called colmias, the members of which are 
more or less completely independent of each oilier in physiological respects, 
but morphologically represtmt parts of a determinate whole ; while ulti- 
mately they separate, each to lay the toundation ol' a new colony. 

Examples of this may be seen in the grouped IMsmidiecef like Pedias^ 
trum (lig. 11, a ), the Diatomece, &c., and in the Palinelh(p. ; to this head 

is also referable tiie structure of some of the lilameiitous C'onftjr voids, 
Volvocinem (lig. 5(K1, I>), and Ilydrodictyon, These groups of cells are 
either held together by simple attachment at certain points of their sur- 
faces, as in the JJv.smidivcc^ Jlydrodidyonf Diat. ma (lig. 50*‘l, JJ, c), &e., 
or by their being enclosed in a gelatiaous common envelope (resulting 
from the expaiiMon or the decay of parent-cell memhranesj, as in the 
Volcocinecc^ PubnellecCy and Aostovhi/tece. 

Intercellular boundaries. — A (*omplele coalesc;enc(^ of the cellu- 
lai* incmoraue of ojie cell with that ul its lu'ighbour so as to form a 
homogeneous wlude takes place, so that, although tiie bounding 
membrane between one cell and another would appear necessarily 
to be double, each cell having its owui proper cell-wall, yet ]f very 
young growing tissues be examined where the cell-walls are very 
thin, the bouiulary-wall between adjacmit cells may l>e seen to be 
simple, without any trace of separalioii. Li is only in older thick- 
walled cells that a lino of demarcation hecomess obvious, in tlu^ 
form of an intermediate lamella, at one time s])oken of as the inter- 
celUdar stihatance^ and supposed to be a distinct substance, but 
which is now^ showui to be the result merely of a dilierence in den- 
sity or molecular structure of tlie cell- walls during their thicdveuing. 

Where the cells, during grovvtii, se])arate at various points ojie 
from another to form iiUerceUatar the boundary-w alls 

neces>ai*ily split to form the spaces in question. JSo also where 
cells originally united become disconnected, as in the pulp of fruits, 
the panitioii-walis naturally become separated, though originally 
the boundary- wall is uniform and homogeneous. 

Parenchyma. — The tissues are distinguished into kinds accord- 
ing to the form of the cells, the eharact<jr of the cell-membrane, 
and the manner in which the cells are connected together. 

Where the cells are roundish or elliptical, the tissue is called parenr 
chyma j and this is called imperfect or perfect accordingly as the consti- 
tuent cells have interspaces between them or are closely packed so as to 
leave no intercellular spaces. Where the cells are much elongated, the 
tissue is called and the constituent cells are known as libies. 

Cartilaginous tissue is known as cullmchyma j and two other kinds are 
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cliaracterized bv peculiar modes of combination of the cells, viz, felted 
tissue (tf^h cmitexta) and vascular tissue. 

Imperfect parenchyma (merefichyma) is composed of cells with more 
or less rounded surfaces connected into a lax tissue, necessarily presenting 
abundant intercellular passages and spaces. The cells are tolerably uni- 
form globular or oval («), or lobed, and connected at few points, leaving 
wide intercellular passages between them (6) ; in other cases the cells ai-e 
more or less stellate, and leave large spaces between them (c). 

The form a is common in all young organs of the higher plants, espe- 
cially in the lind and the pith (fig. o20), in tlie polp of fruits, &o. ; b is 
very characteristic of the lower stratum of the inbunal substance of leav<!s 
(lig. />22) ; c occurs in th(i steins and leaf-sttdks of aquatic plants, in the 
pith of Kuslies (lig. 524), &.c, 

Perfvct parenchyma is composed of cells bounded and united together 
by plane surfaces ; wh(^re the cells are regular polyliedra, of about ec^uMl 
size, the lissm^ is reynlnr parenchyma ; if lhi‘ size is unequal and the 
forms unlike, tlu^ tissue becomes (h) irreyulnr parenchyma. Cen’tain modi- 
fications of regular jiarenchyrna have rt*ceived distinct names, viz.: — (c) 
prismatic parenchyma, where th(‘. ct'lls are 0-sided prisms with pyramidal 
ends; (d) murifurm parenvhytna, where the c(*lls art^ square or oblong, 
with the long clianuder horizontal, and piicked like bricks in a wjill; and 
(c ) tahxdar parenchyma, wlun-e the cells are flattened from above down- 
wards. 

The form a is abundant Ihrouglioiit all classes of plants, and is well 
seen in fully developed pith of Dicotyledons (lig. 520); h is even more 
common in the soft jairts of ]>lants (lig. 527); c is met with in the her- 
baceous steins of Monocotyledons, and in the upper part of the diachyma 
of halves, also in a woody condition in the testa ot various seeds ; d is 
characteristic*- of cortical structure's, and may be seen in cork, ])eridorm 
of Birch, the rind of the rliizome of Tamus &c., also in the medullary 
rays of Dicotyledons; c occurs specially in the epidernifd cells. 

Merenehyiiia and ])ar(Michyuia in their various modilications run into 
one another by countless intermediate conditions. 

Sclerenchyma consists of ordinary cellular tissue, the coiistitucmt 
cells of which become ultimately filled with stratified woody thick- 
<*nings. They occur locally, even as individual cells or in groups 
{sderites\ or even in more or less continuous layers. A familiar 
illustration occurs in the “grit” of P(*ars. Their purport is sup- 
])osed to be to protect and support softer tissues. 

Prosenchyma is composed of cells elongated greatly in one di- 
rection, and attenuated to a more or less acute point at each end, 
forming what is called a jUfre, These fibres are necessarily united 
for the most part by their Lateral surfaces, and their ends are insi- 
nuated into the spaces bet\^een those lying above and below them. 

We distinguish in prosenchyma two modifications — (a) woody 
fibre, composed of spindle-shaped cells of moderate length, and (h) 
liber or bast cells, composed of very long slender cells which are 
occasionally sliglitly branched. 
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Woody fibre is the main constituent of the trunks of Dicotyledons ; its 
cells are mostly of rectangular section, and the walls becpiue greatly 
thickened with age. Liber, the librous substance of the bark of Dico- 
tyledons, a principal coiistituont in the libro-vascular bundles of Monoco- 
tyledons (fig. 6^1), and of the librous husks of fruits, &c., is composed of 
very long cells, whose membranes are of a peculiar toughness, even when 
greatly thickened ; their section is commonly roundish (lig. 529) or hexa- 
gonal. The peculiar tenacity of the vegetable fibres, J'lax, Hemp, <fec., 
arises from the forms and mode of union of the liber-ccdLs of which they 
ccmsist; the ‘‘grain of wood is likewise determined by the direction of 
the long axis of the prosenchyniatous cells of which it is composed. 

Comlueiing cells are long, cylindrical, thiii-wjrlhMl f*.ells, placed one o^ (^r 
(he other, and not tapering at the ends, and are supposed to be channels 
for the passage of the nutrient fluid. 

Collenchyma is a substance formed esj)ecially at tlie points of 
contact of cells. It is of a cartilagijious or horny t{‘xtiire, its cells 
becoming greatly thickened by seeomlary layers of a substance 
softening or swelling up in wat(T, or on the addition, of weak siil- 
[)hiiric ft j'd. It never becomes ligiiilied. 

The lamination of the (‘ell- walls is oft(m invisible nntil after inac(‘ra- 
tion; so that the tissue looks lik(^ amassof homogeniions snbstiincte, (ixca,- 
vated into cavities, or like a colh‘ciion of cells with abimdjint intercellular 
sub.stance. A solution of chromic acid also serves to show the lamiuaUd 
structure ; but if used too strong, it dissolve's the intercjellular substance. 
The outtir portion is not coloured by Scliulze’s solution or anilin; but 
the inner portion next the ccdl-waU is tinted blue with h^dijie. This 
tissue occurs in the rind of many herbaceous ])lant.s, as ('In'uopodiaceje 
digs. 550 Si 557), Cucurbita, JS'ymphcea (tig. 505), and the pith and mcdul- 



Pif?. 5r>t5. TrantiveMe Si’ction of oollenehyma-cellH of the stem of Beet: a, thickened oell-wall. 
Magu. 400 ilium. 

Fig. 5‘»7. Secition of the juiwstion of four wlls (a) of fig. trinited with hydrochlorie at^id : 

lamina bounding the cavity of the ceils; 6, swollen secondary' layers ; c, primary 
membrane. Magn. 400 diam. 


lary rays of the species of Astragalm (forming “ tragacanth ”) ; and to 
the same head may be referred the substance of tlesliy endosperms (tig. 
558 ), and also the cartilaginous thallus of the larger Alga;. 
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Tela contextai^ composed of elongated cylindrical cells, sometimes 
called hifpha^, united end to end into 1i laments, and either simple or 
branched laterally, interwoven irregularly into a kind of felled mass. 

Tills tissue occurs in the 
thalliis of Lichens, forming Fjg. 558 . 

the internal or mediillarvsuh- 
staiK-e, also in the thallns of 
some Algm. The mycudium 
of the Funiri is likewise corn- 
pns(Ml of felted cdlular fila- 
ments f'orniiiig a free cottony 
mass (tig. 1 B, p. H). 

V ascular Tissue. — 1 "a.<- 
vnlar tissue is formed hv 
the absorption of a portion 
of the contiguous walls be- 
tween cells, so that thev 
t(‘C(»me converted into con- 
biimous tubes of more or 
lc‘ss considerable length. 

When tlie constituent 
cells have spiral-tlbrons 

S(‘COndarV thickenings, thev Boction of the celb of the Heeds ot Slophora Japonicn: 

• « 1 * «« t!nekeiu‘d cell- walls; ft, euvity of the cells 

are usually ot ^iroseiichy-* (bounded by u double lin<‘)> Magn. 400 diam. 

inatous fonn,aTnl they over- 
lap each other so that the lirnss of union are ol)ll(]ue : sometimes 
these spiroid t lilacs are distinguished as vessels from tliose formed 
of the usually sliort^r, mostly wid(U% and mor(» or less flat-ended 
(*ells which have pitied walls, and which are calh^l doited or jntied 
darts. 

The dotted ducts are connect<‘(t with the spiroids through the scalari- 
forni vessels, but in their extreme forms are very unlike, and are found in 
very ditferent sitmilioiis. 

The vessels, like the cells, may be spiral., naanlar., reticulated., 
or scalarifonn. They also ])rcs(uit special forms hereinafter men- 
tioned. The constituent cells may lie long or short ; in the 
latter case the vessels are sometimes called moniliform. The spiral- 
flbrous structure often remains when the primary membrane is ab- 
sorbed at the surface of junction, so that the constituent cells of a 
vessel are merely separated by a kind of “ grating of bars. 

Sinral vessels (fig. 550) are found in the youngest and most delicate 
parts of the plants in which they occur. They are the paiis of the woody 
structure first developed in stems ; th(»y are extensively developed in the 
ribs of leaf-stidks and leaves, and almost exclusively constitute those of 
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the organs of flowers, as may be seen in petals. In stems and leaf-stal3?8, 
especially of fast-growing organs, tlie constituent cells arc often very 

Fig. 559. 



Fig. r»50. A, B. C. Spiral Vfgsols from Sambucus Ftbulns. Miign. 400 diam. 

Fig. 502. 



Pig. ftOO. Fragment of a from the stem of a Gourd. Mam. 400 diam. 

Fig. 561, Fragment of a spiral vt^iiwd of Impatient parnijlvra Magn. 400 diam. 

Fig. 662. Fragment of the wail of a reticulated Tesael of lUiubarb. Magn. 400 diam. 
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Jong' and the course of the vessels straight ; in roots, and in ^ 

rhizomes and corms, &c., the constituent cells are mostlv short « 
course of vessels tortuous. The spiral iibre in the interior of these?^ 
has been considered to be hollow or tubular j but this is not 
regarded as correct. Ultimately they are empty dike of ] 
cm-sapf and serve as air-conductors. 

Annular vessels (tig. 560) are found in situations similar to the last 
being generally formed a little later in the same bundles. They are coin- 
moniy of greater diameter than true spirals. This is the commonest form 
of vessel in the Equisetaceic. 

Itetimdated vessels (tig. f)(}2) are abundantly developed with the spiral 
and annular kinds in fiuccuJent sterns^ ronts^ petioles^ Itc. They are very 
important constituents in the tibro-vascular bundles of Monocrotyledons 
geneially. They are mostly of rather J/irge diameter; their cells lung in 
stem-structures, short and irregulai-ly formed in roots and in the inner 
cortical region of Monocotylcdonoiis stems, where a number of vessels are 
often anastomosed into a kind of network. 


Scalariform vessels (fig. 541) are especially characteristic of tluj woody 
.structures of the herns and Jyco}>odia(^efe, in which they sometimes occur 
of very large diameter. Most vessels are cylindrical, and pres^uit a juore 
or less circular section ; but the S(;alarif<>rni are prismatic, usually with an 
hexagonal section. 

Vessels, when once formed, are usually persistent ; but in some water- 
plants the stem when young is traversed by a single spiral vessel, which 
disappears as the stem grows older, so that in the adult condition the 
stem seems wholly cellular with a cnnitral lacuna. 

The pitted or (lotted ducts (tig. 536) are charac’terislic ol* the wood of 
Dicotyledons, where they occur either scattered in the proseiicliyma, or 
forming the principal constituent of the wood. 

The walls of pitted ducts are not always uniform, this depending in 
some easels upon the nature of the organs with which tiny are in contact, 
whether cells or other ducts, since tlie pits always correspond on the walls 
of adjacent organs, and they are ordinarily less iiuimu’ous and less regular 
on the walls of prosencliymatous cells tlian on those of ducts. 

The pits and their borders (p. 487) are very generally somewhat elon- 
gated obliquely j and the canal of the pit is often enlarged into a trans- 
verse slit in the inner part, which in some cases becomes conHuent with 
that of its neighbours. In some plants w'o find ducts with the w'all 
marked both with pits and a spiral fibre, like the w alls of the wood-cells 
of Taxus (fig. 542). 

Pitted ducts wdth uniform walls make up the chief mass of the wood 
of Clematis. In the wood of Elder, Peech, Jlazol, Alder, ifec. w’e find ducts 
wdth pits numerous on the walls adjoining otliei* ducts, but distant or 
absent on the walls adjoining wood-cells. In Bomhax the wu)od-cell8 are 
for the most part replaced by parenchyma-cells, and the walls of ducts 
adjoining these have the pits destitute of tlie border &c. 

Pitted ducts form the large tubes, visible to the naked eye, seen in cross 
sections of most woods, especially Oak, Mahogany, &c. They are absent 
from the wood of the Coniferse, which is wholly compose!! of simple 
wood-cells (fig. 5.37). 

Vasa propria are elongated cells with thin w'alls, and either oblique 
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or flat ends, where" tliey adhere together; they vary in diameter, like the 
spiroids, and sometimes present on their walls large pits or spaces, covered 
with a kind of flne network of fibres, as in the clathrate cells described 
in a former section. 

Cells of this character (which differ from the condtwthig-^cells before 
alluded to, in that the latter are destitute of marltings or pits) always occur 
in the middle of the fibre- vascular bundles of Monocotyledons ; and they are 
intermixed, mostly in alternate layers, with the liber in the fibrous layer 
of the bark of Dicotyledons. They are strikingly distinguished from 
nnds by containing thick and opike sap, while the latter usually contain 
only air when fully developed. 

Caspary includes under the head of cmducting^cdh not only those 
cylindrical tubes before allud(^d to, but also elongated cells having the form 
and appearance of vessels, but which do not form continuous tubes, being 
separated one from the otlier by partitions formed by the adjacent ends of 
the cells. 


Latmfermis vesseh^ or milk-vessels, containing tlie latex or milky 
juice 6^ such plants as Poppies, hhipliorbias, Cielioracom, &c., 
are forn.ed from series of cells, the parti- 




are forn.ed from series of cells, the piarti- 

tions btitween which become very early and 

speedily obliterated. The constituent cells 

iiiay be placed one over the other to form — /i/ 

ultimately a straight tube, or, more generally, , •• SI 'AW * 1 

the lateral partition-wulls between the cells Villi 

become obliteratt'd, and the result is a branch- 

ing tube, or series of tubes, which, according /*' TOvrlmA. 

to Trdcul, anjistoinoso with oth(.T kinds of ft' 

vessels, and allow th(5 contents of the one to ) 

})as8 into the cavity of tlie other. They occur J 

most abundantly in tlie pith and iumu* Iflyers 

of the bark, in roots, leaf-stalks, i'te., often K‘ Iftf 

forming a complete network. Dippel sfiys 

the hiticiferous vessels replace the clalhrale JM/ gl' || 0; 

or latticed vessels of other plants. Their kj- 05 ii / n 

presence is most easily demonstrated by boil- Ji Ik ’ 

mg a fragment of tissue in weak solution of 'I • 

Veaictdar vessels (ITanstein) resemble simple / • ||L | ^ 

un branched laticiferoiis vessels, containing a k j||;- | \ IST 

milky juice. They are formed of rows of cells y i lajgj 
disposed lengthwise, and their partition-walls vBl 

are thickened and perforated as in the siei^e Latinfrrous canals from th« root 
(Bee p. 487). TlIiB form of veseel occurs in i<h> d*Bm. 

the bulbs of Onions and other Monocotyledons. 

In Commelynaceaa and in I’aiidanaceie long ro\ys of cells are met with 
filled with rapliides, and ultimately forming continuous tubes, which are 
stated by Hanstein to be homologous witli latex-tubes. 


Tyloses. — In some instances, as in the Vine, vesicular formations may 
be seen in the interior of the large vt;ssels. According to Von Molu, 
they are produced by a protrusion of the adjacent cell, w^hich penetrates 
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the pore, and either tears through or causes the absorption of the primary 
membrane of the 'ves.sol. 

The Systems are combinations of tissues, of like or different 
form and character, into elementary structures formed on definite 
plans, and destined for particular purposes in the economy of the 
plant. 

In the simpler plants there generally exists no distinction of 
systems ; but even in the higher Alga? and Lichens there is a dif- 
ference in tlie cortical and medullary portions of the thallus. In 
plants poss(^ssing stems atid leaves, the tibro-vascular or wood- 
system makes its a[)pearance ; and we may distinguish in the 
Phanerogamia three primary systems, viz. the Cellular^ the Film)- 
vasctddr, atid Cortical Ft/stcvis. These are all formed of proper 
constituent cells or tissues. 

Jlosides th(\se, wo have systems which are formed for the most 
])art by tht^ inler.s])aeos bt^tweeii the cells of the above tissues, viz. 
the Aerial consisting of intercellular passages, spaces, or 

even large cavities : and the Secretort/ including the milk- 

vessels, reservoirs for secretion, glands, &c. 

The Cellular System. — Tliis name is a])])li(‘d to the cellular 
tissues forming the great mass of the living structure of plants. 
In the Thallophytes it forms the whole organization, the super- 
ficial layer of the larger kinds of thallus not being a true cortical 
layer like that of the liigher plants. Li the Mosses and Jlepatica) 
little is added to the cellular system, the Jib ro-vai^c alar system 
appearing in a very simple form in the stems, and the cortical in 
the shape of an epidermis to the seta. In the higher Cryptogumia 
and the Plianerogamia tlie cellular system is h»ss predominant, 
except ill the temporary organs. In the stems and roots it forms 
the pith and medullary rays of Dicotyledons, and the diffused 
medullary system of Moiioeotyledoiis, together with the cambial 
structures in fill jgro wing regions ; and it forms the mass of th(3 
leaves and the parts of the ilo\\'er. It is in this system that the 
processes of vegetation are chiefly carried on. If the con- 
stituent cells do not grow or divide, they constitute a 
tissue ; but if the cells divide, they form meristem, or generating 
tissue* 

Meristem. — That part of the parenchyma, or cellular tissue, 
whose constituent cells multiply, or are capable of multiplying, by 
division, as subsequently exjdaiued, is called meristem. According 
to Hanstein's researches on the dei^elopment of the tissues in the 
embryo plant, the meristem or gromng cellular tissue, in the course 
of its dei elopment, gradually undergoes changes which result in the 
formation of distinct layers of cells — differing in size, form, and mode 



FIBKO-VASCULAE SYSTEM. 


515 


of (Imsion, and which may be grouped under the three heads of 
dermatogen^ perihU^n^ and pUmme. jfrom the dennatogen-cells the 
root-cap, the epidermal tissues and their appendages, hairs, &c., 
develop themselves. The cells constituting the periblem are the 
precursors of the cortical tissues. The cells of the plerome form 
the pericamhium^ procambhim, cambium^ and ultimately the fibro- 
vascular bundles and pith. The pericambium is only found in 
roots, and is merely the outer layer of the plerome (McNab). The 
procamhial celh are those which are destined to develoj) into tlie 
iibro -vascular bundles. The cambium is that portion of the original 
plerome which is not converted into fibres or vessels, but the cells 
of which retain their more or less spherical form and their power 
of subdivision. The cambial cells occupy the centre of the fibro- 
vascular bundles of Dicotyledons, between tlie outer phloihn portions 
and the inner xylem or vascular portions. At the extrojne apex 
these layers ar(j not yet differ(Mitiated, but form a mass of cells of 
equal size and degree, sometinios called the initial cells. In many 
t^ryptogams, however, th(‘. ends of the stem and of its subdivisions 
arc constituted by a single apical cell. 

The Fibro-vascular System. — This system forms all the woody 
structures of plants, which in all cases are composed of a quantity 
of conjoined portions of cellular and vascular tissue arranged in a 
peculiar manner, and derived originally from a detiiiito portion of 
the j)lerome called the proca'inhium , The cells of this latter are 
eiither all converted into tissue (vessels, liber-cells, &c.), 
or some of them remain in a merismatic condition, if capable of 
division, and these form the camhium. The kind of cellular 
tissue associated with the vessels is mostly prosenchyma or Jilmms 
tissue ; the constituent elements wood of are called Jlhro-vascular 
hundles. In Dicotyledons the libro-vascular bundle usually con- 
sists of wood-cells and vessels (xylem) internally, liber-cells (j)hJoem) 
externally, separated by camhium, Tlie bundles are plunged in paren- 
chyma. If the bundles are devoid of ineristem or cambium they 
are closed ; if, on the other hand, they contain cambium, the bundles 
are called open. All woody substance appears originally in the con- 
dition of isolated fibro-vascular bundles, which, when they remain 
separate, form what are commonly called “ fibres,” and when they 
combine together into a solid mass, form “ wood.” The bundles re- 
main as “ fibres ” in the stems of Monocotyledons ; they are in the 
same state in the earliest conditions of the stems of Dicotyledons ; 
and such “ fibres ” form the ribs of leaves and other organs. 

That portion of the parenchyma which remains after the con- 
version of the moristem into fibro-vascular tissue is called the 
fundamental tissue. 


2 L 2 
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The fibro-vascular bundles differ in their mode of growth in 
different Classes of Plants^ which, in consequence of this, exhibit 
considerable difference in the structure of their mature stems 
The simplest form is absolutely without vessels, as in Mosses* 
fuid some simple aquatic Phanerogamia (Fotamogeton), where the 
fibro-vascular tissue is composed simply of cords of prosenchyma 
traversing the cellular tissue. 

Complete bundles, however, possess several elements arranged in 
deftnite order ; these belong to the wood-region, the cambium- 
region, and the liber-region. The wood-region, which lies next the 
centre of the stem, is composed of short-celled prosenchyma, inter- 
mingled with spiral and other vessels (and in Dicotyledons pitted 
ducts) ; the camdium-region is composed of prosenchyma in a 
nascent condition. The increase of such stems depends on the 
development of new cells 


Fipf. 564. 


in 

this region. The h7>>^^r-regiou 
is composed of very long pro- 
senchymatoiis tissue (usually 
in the condition of isolated 
bundles of thin lamiiim con- 
nected by cellular tissue in 
the Dicotyledons). In the 
Monocotvledons the region is 
iWiverted into vasa projrria 
(iig.564). 

in the Higher Cryptogamia 
there is no dermatogeii, but 
only periblem surrounding the 
plerome ; tbebundlesare closed, 
and do not aller in their con- 
dition when once formed, and 
they anastomose with those 
that succeed them in succes- 
sive internodes of the stem, 
so til at the fibro-vascular 
structure ajipears continuous. 

In the Monocotyledons 
there is but little periblem ; 
the bundles are also closed, 
are formed by degrees, a cam- 
bium-region beingformed from 
the plerome and occupying the 
central part at first ; but after 
a time this is wholly resolved 
into w'ood, liber, and vasa propria. These bundles remain isolated 



Monocotyh'donoue fibro-vascular bundle (from the 
spadix of Fhannix duct j/Uf era). A. Transverse 
section. B. Vertical section: p, parenchyma in 
which the bundles lie ; «?, woofi-cells ; « r, siural 
V(‘Ssc1h ; d, reticulated ducts (from w to d are 
included in the woody portion of the bundle 
or xylem) ; v p,vafta propria ; I, liber-cells (from 
V viol are included in the phlocim or libca* part 
ox the bundle). Magn. 100 diam. 
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in the stem, never alter in condition after the first season of 
growth, and turn outwards to terminate at the surface of the stem 
above and below, anastomosing with their successors. 

In the Dicotyledons the bundles in a young shoot somewhat 
resemble those of Monocotyledons, but they stand in a regular ring 
round the pith. On the inside they present spiral and annular 
vessels ; next, a mass of prosenchyma with dotted ducts, which 
passes gradual!}’’ into the cambium-layer; the latter is bounded 
externally by liber, among the bundles of which are vasa propria. 
These bundles are indefinite in their growth, producing new layers 
of permanent tissue, liber-cells on one side of the cambium and 
wood-cells on the other. Hence the division of the bundle into 
phloem or bast tissues, and ccylem or wood, separated by the cam- 
bium when present. The phloem consists of thin-walled, often 
latticed cells, sieve tubes, and of large thick-w^alled liber-cells. The 
xylem consists of thick-walled cells and pitted vessels, surrounded 
by woody parenchymatous cells. Sometimes the cells do not bt»- 
come woody. Great variations occur in 1 he degree in which the 
seven . elements are present, even at different parts of the same 
bundle. The lower extremities elongatt.* indefinitely in the 
root ; the upper extremities anastomose and bec^ome continuous 
with their successors ; and above all, the cainbiuin-region is an 
indefinite focus of development, forming a luiw layer of woody 
substance inside, and a new layer of liber outside during every 
season of growth. 

Protecting Sheath. — This term is ap])lied by Caspary to a single 
layer of cells without intenxdlular spacers surrounding eacdi fibro- 
vascular bundle, or surrounding the entire ring of bundles. By 
Yaii Tieghem this layer is called the endoderm, its cells are usually 
more or less lignitied. 

The Cortical System. Epidermis. — In young stems and in her- 
baceous organs generally this system is termed the ejndermal 
system ; as stems grow older, this gives place to the harh. The 
cortical system may therefore be defined as comprising all the 
tissues outside the cambium ring wheTi present. 

The simplest form in which the cortical system exists is that 
of a simple layer of flat cells firmly united by their sidf^s, forming 
a continuous coat over the surface of a plant, called the epidermis. 
The constituent cells of the epidermis do not divide tangentijilly, 
but always parallel to the surface. Those cells, moreover, are 
entirely devoid of chloro])hyll or granular matter, and are derived 
from the dermatogen cells. The epidermis is usually caducous, 
being succeeded by the formation of corky periderm cells. Where 
the stem remains green the periderm is not formed, but the epi- 
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dei’mia persists. Biich an epidermis clothes all the organs of plants 
above the Class of Mosses ; and it presents this simple general 
character on all young structures, with one special distinction 
only, that on 8ubmerg(id organs and on roots it is absolutely con- 
tinuous and impervious ; while on parts exposed to the air it pre- 
sents more or less numerous orifices guarded by a peculiar cellular 
structure called a stoma (fig. 5C5, a). 

Stomata. — The stomata are orifices between the meeting angles 
of the epidermal cells (fig. 566, B), in which orifices lie, rather to 
the underside, a pair of c(dls of semilunar form (fig. 566, A, C), 
separate on tlieir adjacent sides, so that in expansion and contrac- 
tion they close and open a slit-like ]>assage beneath the superficial 
orifice. This slit (fig. 5f>6, A, s) leads to an open intercellular 
s])ace within the sulistance of the leaf. 

Fig. 566. 


A 



Fig. 666. EpiderTnis of the lower Burfat^e of the leaf of Melkborug fcetidtui : a, btoma Macn. 

diam. ’ ® 

Fig. 666. Stonmta of the leaf of yarci.<tsu« Tueudv-Kard^srus. A, Vertical section of the epi- 
dermal and subjacent cells, passing through a stoma,#: c, outieular pellicle ex- 
tending down into tljc stomatal cavity. B & 0. Horizontal section of the epi- 
dei-mis, passing through the plane of j in A: B, seen from above; C, seen from 
below ; d, smaller epicicrnuil cells corresiwnding in position to the stomata, but 
remaining in their original condition. Magn. I’Ou diam. 

In JVerium the stomata are on the walls of pits or depressions on the 
under face of the leaf. Sometimes the stoma is formed of four cells, and 
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then either in two pairs, as in Fiats elnstica^ or the four cells form the 
quadrants of a circle, as in various Proteacem. 

Stomata are most abundant usually on the lower surface of leaves, often 
wanting* on the upper surface — except on the floating leaves of aquatic 
plants, where they exist on the upper surface, and are absent whore the 
I(;af touches the water. They are occasionally found in the interior of 
organs, as on the replum of Crucifers. They vary in frequency, partly 
btiaring proportion to the size of the cells of the epidermis, partly irrela- 
tive to this. Sometimes 100 will be found in a square lino, sometimes as 
many as 1000 to 3000. On the leaf of Brassica Jiupa a square line bears 
1800 on the upper face, 3500 on the lower ; Victoria retjia 1 800 on a 
square line above, and none below. A few other examples may be cited. 


Cherry-Laurel 

On tlu‘ upper 
face. 

On 

025 tc 

I^auriistinuH 


(>25 

Daphne Mezereum 

do. 

:U) 

C^armition 

250 

250 

(larden Flag 

80 

80 

( 1 ardon Ithubarb 

7 

30 

Lilac 


1000 


On th(‘ lower face. 


V 


If 

jf 


From the roseai’ches of Duchartro, Momui, and others, the following 
conclusions may bo drawn, subject, howtiver, to many exceptions. vSto- 
inata are more abundant in woody than in herbiiceous plants, in leathery 
leaves rather than in those of thinner texturt^. Succulent leav(‘.s contain 
th(^ smallest numbers of stomata. \Vher(5 lea\es are alike in tt*.xturo and 
cohair on both surfaces, the number of stoinala is about equal on both 
sides; when one side is glossy and the other dull, the stomata are most 
abundant on the latter, ike. 

Form of Epidermal Cells. — The cells of the epideririis (ixhibit a great 
variety of forms in the leaves and petals of Phaneropimia. It is very 
common for the side-walls, by wliich they adjoin, to be sinuous or zig- 
zagged, often presenting very elegant patterns (fig. 505), especially on 
petals. The external wall of the cells is usually more or less conve.x ; 
and in petals this condition is carried furthtT, through numerous grada- 
tions, until we find a papillose condition, arising froju each epidermal cell 
being produced above into a little obtuse cone. 


Hairs ; Trichomes. — Hairs and scales of all kinds, “ scurf 
such as we see in the Bromeliacem &c., depend on the development 
of the epidermal cells. Simple hairs are merely single epidermal 
cells produced into a tubular filament ; cell-multiplication usually 
occurs in such hairs, so that they present a number of joints (fig, 
507, b) ; and not unfrequently they are more or less branched (fig. 
5()7, c, d). Glandular hairs differ merely in certain of their cells 
secreting oils or resins in their cavities (fig. 567, /.) Scales are 
produced by epidermal cells growing out into flat cellular plates 
instead of projecting filaments. Thorns, such as those of the 
Bose, the prickles of leaves, like those of the Holly, &c., are epi- 
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dermal products in which the cells become thickened by woody 
secondary deposits. 

Fig. 567. 



cc 


Epidi'nHjiJ u, Kland of /-'rajiiie/lu,mvvri k‘iil Beclion; A, simplo jointed 

hair <»f J‘tt/(/ri/ontutii.; c, liuir of SiMymbriuni Sophia ; d, hair of garden ChryBan- 
iheniuin ; r, luiir of a Urerillea; f, hair of the bulbil of Achimems^ with a glan- 
dular terniiiiaJ (•ell. All luugn. oO diam. 

Thickening layers of Epiderm-cells. — The most remarkable 
clivcrsities of condition of texture of herbaceous organs depend on 
the consistence which tlie e[)idermal layer acquires. The leathery 
t-(?Ai,ure of evergreens, the woody character of the leaves of Coni- 
ft^rs, &c. depend chietly on thickening of the 'wall of the epidermal 
cells. 

Ill all epidermis exposed to the air, the outer walls of the cells 


Fig. 568. Fig. 569. 



Fig. Vertical scidion of cjtidcrmal cells of the b‘af of Ihtyo rat ttntm : a, the portion of the 

Hccondary lay<'r <-oli>urcd yellow by itwline. Magn. 410 diam. 

Fig. 569. Scitioii ac* in lig. 50S, ti*t?nte«l with caustic potash : a, detached, cuticnlar pelliole ; 5, 
the layers of thickening of tin* outer walls of the cells. Magn. 440 diam. 

become early strengthened by secondary thickening ; these are 
very tliin and slight in soft herbaceous leaves, especially when such 
plaids are reared in a warm, moist atmosyihere. In leathery or 
hard leaves, also in the thick tough leaves of succulent plants, 
such as the Aloes, Jlot/a (figs. 568 & 569), &c., the secondary 
layers acquire great thickness; and in the epidermis of the 
branches of Vismm (fig, 570) the cells become absolutely filled up, 
and the cells of the subjacent layer of tissue also suffer the 
same change. 

In the course of this thickening, the superficial laminae, exposed to the 



COBTICAL SYSTEM. — CUTICLE. 


621 


air, become more or less chemically changed, and at the same time fused, 
as it were, into a continuous layer all over the surface of the organ ; and 
bv maceration, or applying 
nitric acid, we may separate 
this outer stratum as a con- 
tinuous sheet or pellicle. This 
layer, which strongly resists 
decomposition, is called the 
cuticle (figs. 509 & 571, «), 
and is constituted by the 
altered outer walls of the 
cells. It is usually blended 
with waxy material, which 
sometimes exudes in the form 
of “bloom,” as on the sur- 
face of some fruits and leaves. 

Unlike cellulose, cuticular 
structures are dissolved in 


Vertical flection of epidermal »*ells of old stem of 


sessed by cork. Anilin and 
sulphuric acid, according to 
Wiesner, do not stain them 
as they do vas(!ulose. 

In Cycm tlie inner larainfc 
of the secondary dejM^sits 
exhibit pits lik« those found 
on the walls of wood-cells; 
but this is a very rare phe- 
nomenon. 

The aerial roots of Orchi- 
daceae exhibit a curious struc- 
ture, the growing extremities 
being clothed by a whitish 
cellular tissue composed of 
several layers of cells with a delicate spiral fibrous deposit on their w^alls. 
This layer forms a kind of coat over the r(!al epidermis of the root, and 
is knowui by the name of the velamen radievm, 

Hypoderm. — In some cases, beneath the layers of epidermal cells 
are layers of wood-cells (sclerenchyma) or of elongated thick-walled 
cells, like liber-cells. These serve to strengthen the epidermis, 
and are called h3Tpodermal cells. /They originate from the 
plerome. 

Cork. — The young shoots of Dicotyledonous trees and shrubs 
are clothed with epidermis like herbaceous plants ; but before the 
close of the first season of growth, in most cases, the green colour 
gives place to brown, which is owing to the formation of a layer 


Viveum album. Ma^n. 40t> uiam. 


Fig. 571. 



Vertical WMstion (if ci>i(lermal (!<*11 h of Tlellehorun 
fietiduH'. a, cuticle. Mogn. 4 10 diam. 


caustic potash, but not by 
sulphuric acid. Iodine and 
sulphuric acid stain them 
y(*llow. These characteris- 
tics are similar to those nos- 


Fig. 570. 
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of cork from the outer layers of cortical parenchyma. The surface 
of the corky layer is usually rough and irregular, and it peels off 
in laminsB periodically in certain plants, being renewed by deve- 
lopment from the green cellular layer which it covers. 

In some plants the corky layer is little developed, in others very much 
as in the Cork-Oak. In the Vine and Clematis the corky layer is scarcely 
distinguishable after the first year’s growth, as the bark breaks away, down 
to the liber, in stringy shreds. In Viscum no cork occurs ^ even in shoots 
eight or nine years old the epidermis remains, but completely consolidated 
by secondary deposits, as noticed above. 

Cork is composed of tabular thin-walled cells, containing only air, 
closely arranged in rows at right angles to the surface. "The surface of 
wounds in soft-growing tissue is usually covered with a layer or layers of 
coi^k-cells, which form a sort of defence to the wounded tissues. In 
chemical and physical properties, cork closely resembles the cuticidar 
substances just mentioned. Cork-cells are formed from a special set of 
cells constituting the cork-cambium or phdUujen. The cells divide hori- 
zontiilly or parallel to the surface, but alw'ays in such a manner, that of 
two newly-formed cells one remains full of protoplasm, with chlorophyll 
contents &c., while the other is transfomied into a permanent cork-cell. 
The formation of cork, however, varies in ditierent cases, and is sometimes 
ofa very complex character. Aecordij)g to Sanio, Kauwenhoif, and Vesque, 
the growing cork-cells grow on the outer or on the inner side of the 
phdloifim or cork-cambium, the formation being centrifugal in the former 
instance, centripetal in the latter. In other cases the growing cork-cells 
are placed on both sides of the phellogeii. But in this latter case it is 
only the outermost cells of each layer of the phellogen which become 
truly corky ; the inner cells in both ciises retain their cellulose charac- 
teristics, and become filled witli chlorophyll, forming an herbaceous 
envelope. Vesque has proposed that the term periderm be applied to 
the whole of the cork-cells produced by the phellogen ; some of these 
cells, as above described, become suherified, or converted into passive 
cork-cells, wdiile others retain their active character and constitute the 
herbaceous envelope. Tlio peridtjrm layers occur, not only singly, but in 
separate groups at diffiirent dt!pths iii the bark, causing the exfoliation of 
plates or rings of bark, to which the name rhytidome has been given by 
Von Mohl and llaiistein. 


Lentlcels are small local formations of cork-cells occurring on youn^ 
shoots in the form of little warts. The cork-c,ells are formed beneath 
XK)rtion8 of the tissues which are decaying or dead, and which surround 
the cavities beneath tlie stomata. Similar formations are consequent upon 
the formation of cracks in the epiderra, the object being, in both cases, 
to afford protection to the denuded tissues (Tr^cul). 


Idber. — Every fully developed fihro-vascular bundle consists, as above 
said, of liber, cambiiiiii or generating tissue, and w^ood encircled by cellular 
tissue. The liber (phloem) part of the bundle is distinguished from the woody 
(xylem) part of the bundle by its position outside the cambium,^ by the 
larger size of its woody fibres, their different chemical properties, and 
especially by the presence of latticed or sieve cells, &c. The unlignified 
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plasm, &c., for the nutrition of the plant, and their walls have a cellulose 
reaction, become blue, not yellow, ny addition of iodine and sulphmic 
acid, &c. 

The ordinary position of the liber has been above stated, but it may also 
occur in the interior of the bundles, in the medullary sheath (see Anatomy 
of Stems), even in the midst of the wood. The liber, once formed, may 
cease to grow, or it may retain more or fewer cells still endowed with 
the property of dividing. 

The Aerial System. — In most parenchymatous tissues of the 
higher plants we find the cells so disposed as to leave passages of 
greater or less capacity between them, which passages are usually 
found filled with air, apparently secreted from the contents of the 
cells. In imperfect parenchyma (fig. 521) these intercellular 
passar/es occupy a very considerable portion of the space filled 
by the tissue, and they intercommunicate in all directions. The 
spongiform cellular substance of leaves is traversed by large 
passages of this kind (fig. 585), expanded in many places into 
air-^spaces, forming a continuous system of cavities, which are in 
direct communicat ion with the external air by the stomata. When 
stellate cellular tissue exists (fig. 521), the air-sj^aces are very 
extensively developed. 

No intercellular passages or spaces exist in young tissues ; they are 
subsequently formed bv the cells separating from each other as they 
ex2)aiid, and excreting air into the interspaces. 

Air-canals are long tubular channels, in petioles (Nymphaj- 
aceao) or stems (JNp/mris, Fotanwpeton, <fec.), bounded by a cellular 
wall, and generally arranged in a definite manner in the organs in 
which they occur. They are sometimes continuous through long 
tracts of the stems or petioles (Nyinphauace{i‘), or they are sub- 
divided into chambers by cellular diaj)liragrns occurring at intervals 
(jietioles of ^hisa, stem of IJippnri^, Mtfriophyllam^ Ac.). 

Lacunw are formed by this ccdlular tissue being torn down and 
destroyed by expansion of the surrounding tissue ; examples of 
this occur iu the bstular stems of Umbellifera), which when young 
have a solid pith ; but this is torn away by tlu^ (jxpansion of the 
cylinder of fibro-vascular bundles, and leaves a tubular cavity. The 
hollow stems of Grasses, of Eqiiiselacese, &c., originate in the same 
way. 

Secretory System. — The structures in whi(?h are found the 
substances usually called the secretions of plants consist of latici- 
ferms vessels (see ante^ p. 513), glands, resemmrs and canals for 
peculiar secretions (resins, oils, &c.), and the so-called millc-vessels. 
They for the most part occur only in particular plants or particular 
organs, and present many special modifications in different Natural 
Orders, occurring on the surface or in the interior as single cells or 
in groups, or as simple or branched tubes, or in layers, but, how- 



524 


PHTSIOLOOY. 


ever different in appearance, always forming and storing or con- 
veying hydro-carbonaceous secretions. 

Glands are the structures of this kind most frequently met with, 
and they are generally connected in some manner with the epider- 
mal tissue. Glands may be divided into simple and compound^ 
and also into external and internal. 

Simple external glands are in most cases glandular hairs j i, e. the ter- 
minal cell (or cells) of a jointed hair is expanded or tilled with oil or 
other secretion. Of this nature are the glands of the foliage, flowers, 
&c. of many Labiatio, Scrophulariacese (fig. 507,/), &c. 

Simph^ internal glands are mostly isolated cells of the layer imme- 
diately subjacent to the epidermis, as in the leaves of Begonia^ Lysi-- 
machia vulgaris, the petals of Ma(/nolia, &c. Such glands occur also in 
the leaves of Lauraceao. The cystolithes of UrticacesB are related to 
these (p. 500). 

Compound external glands are sometimes hair-like growths from the 
epi(h‘rmis, or from tlie deeper tissues, from which they form outgrowths 
(l)rosera). The summit or the base {IMcfamnus, flg. 5(>7, a) is sometimes 
developed into a cellular nodule, the ccdls (fl* which either contain the 
secretion or surround a large central cell tilled with it. Other superficial 
glands form papillm of various shapes, in like maniUT either wht)lly 
formed of secreting cells, or with a central reservoir, as in the Hop, 
Begoniacea), llosacere, Loguminosm, &c. 

Compound internal glands arc commonly reser- 
voirs surrounded by a special layer of ctdls, lying 
just beneath or sometimes rising in a dome shape 
n little above the suiiace of the epidermis. Ex- 
amples of this occur in the leaves of liuta (tig. 

572), rind of the fruit of Oranges, Lemons, Ikc., 
leaves and stt'ms of llypericacese, Myrtac(;m, kt. 

None of these glands have excretory ducts like 
the glands of animals, Tn many cases the secre- 
tions exude through the membrane, and give a m ctuHi of epider- 

peculiar charaettir to the surftu'e of the organs in 
which they are found. A very general form of Magn, 60 diani. 
secretion of this kind is the exudation of ssccharine 

fluid from the supc'rficial cells, very common at the base of petals and 
ovaries, on the stigma, and sometimes on leaves or at particular points of 
the lower surface of the leaves, as of Brunus Lauroao'asus, the Laurus- 
tinus, and other shrubs. (For fuller information on those subjects, the 
memoirs of Tr<5crd, Van Tieghem, and Martinet should be consulted.) 

Stings fiVQ a form of glands, consisting of a long, stiff and pointed 
hair expanded into a bulb at the base containing the poison. This 
bulb is surrounded by a layer of cells derived from the epidermis, 
which by their tension exert a certain pressure, whence it results that 
when the point of the stinging-hair is broken off, the fluid is pressed 
out from the orifice. 

Resenmrs for peculiar secretmis may be regarded as a highly 
developed form of the internal glands. They consist of tubes 


Fig. 572. 
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without any proper lining-wall, but surrounded by tbin-walled 
cells filled witli resin and other secretions more or less devoid of 
oxygen, and which are poured into the cavity lying in the midst 
of the parenchyma, or in the liber and wood, parallel with the 
fibro- vascular structures. 8imilar reservoirs exist in the roots of 
Khubarb, in the leaves of Aloe.% in varying positions. The 
(jells which bound the cavities sometimes grow and project into them, 
more or less filling them up. 

Sect. 4. Intehnal Anatomy of Groans. 

All young plants are composed of cellular tissue alone; and the 
Thallophytes never acquire any of the more highly devcdoped 
“ systems ’’ which we meet with in full-grown Flowering Plants 
and the higher Cryptogamia. In the stcMiis of the latter, th(^ 
“ systems ” prijsent special modes of aiTaugerncmt, respectively 
characteristic of the great Classes. In emhn/o ])lant8 the tissues 
have, according to Hanstein, a three-fold origin in dermatof/t*tt, 
peribleni, and plerome (see aaifc, p. 51 5) ; and these three layers 
are distinguishable before even Ihe foniiaiion of the cotyhjdons. 
J^'amintzin considers them identical v\'ith the embryonic layers of 
the animal. 

The more or less uniform condition of the tissues in theThiilhipliytes is 
connected with groat siiuplicjity in the pliysiolotj^icjal procujsses of vegeta- 
tion and growth ; while in tlie higher plants the dilierenco of int(‘vnal 
organization is accompanied by important diflerences in tlui niod(.‘s of 
development of the axis. It would cause us to excecul our limits viii v 
widely to enter into minute details of the iiit(*rnal structure of the, organs 
of vegetation of plants generally ; hut it is requisite not only to give a 
general sketch of tlie plan of organization, hut to describe some of the 
more important modifications met with in tlie higher (Jlasses. 

Structure of Steins, — As a gmmral rule, ]>lants posst^ssingshmis 
and leaves exhibit in their steniJi a definitely arranged lihro-vas- 
cular system, the bundles of whicdi send off branches, or jiass off 
themselves entiixjly, to form the ribs and veins of tlie leaves. The 
young stem is made np of wood-cells and vcisscds, placed the one 
within the other, siiptjrposed in rays and surroutide<l by contujeting 
cellular tissue. The same axial system furnishes Ix^low, directly 
or indirectly, the bundles which constituhj the woody central mass 
of roots, in which originally the liber and the vessels are placed 
side by side. 

Mosses. — The simplest form of the fihro-vascular system is seen in the 
Mosses (p. 4*31), where a cord of prosenchymatous tissue runs up the centre 
of the thread-like stem, and in some cases sends off branches to the leaves. 

Lycopodiaceae; — In the Lycopodiacese (p. 423) the axis of the stem is 
occupied by one or more parallel fibro-vascular bundles, containing spiral 
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and scalariforin vessels, surrounded by parenchyma. The bundles are 
regulai’ly developed onwards with the growth of the point of the stem, 
sending ofl* latt;ral branches of spiral vessels where leaves arise, but 
undergoing no change after the internode in which it lies is once formed. 

Eqnisetaceae. — In the Equisetacete (p. 417) a ring of isolated fibro- 
vascular bundles exists in the periphery of the aerial stem, surrounded by 
lilxir-colls and parenchyma ; these, again, are closed bundles, and grow 
oidy at their points as the stem elongates. The constituent vessels are 
spiral or annular. '^I'he ejuderin, and sj)eeially its hypoderm, fibres are 
liiglily de.V(dop{‘d. Tiie Eqiiis(!tacem are the only plants known whose 
buds originate deep in the substance of the stem. 

Fllicoa. — In the F(‘rns (p. 410), where the stem acquires greater di- 
mensions, we find a numl.»er of fibro-vascular bundles standing in an ir- 
n^gular circle, snrrouiiding a ctmtral cellular axis, and externally sur- 
rounded by a Jvind of rind ( libta*) containing sieve tubtis. The bundles d(j 
not run straight up the st(uu, but in w'aved curves ; and tlioy anastomose 
laterally and separate again, leaving wide passages of communication 
between the centi'al parejicliyma and the rind (fig. 67•^). The branches 
of the bundles going to supply the leaves are gi ven oil' at the anastomoses 
of the main buudh^s ; and tlio bundles running into the (adventitious) 
roots arise at similar ])laceH. The bundhis of tln^ stem have only indirect 
connexion witli those tliut pass to the leaves, so that in leafless parts of 
the stem the arrangeanent is the same as where there are leaves present. 
Tliese bundles are closiul, and tluireforo the stems never alter in dimensions 
when once fijrmed. in case's like that of AiKjiopieris ereeta, where the 
steiii is reduced to very small propoHions, there art.^, according to Mettenius, 
three zones of fihro-vascular nundles, one within the other, and connected 
by iijter\"eriing net-like bundles. It Avas formerly supposed that vessels 
of the scalariforin type wore the only ones that occurrtjd in Ferns ; but it 
is now well known that spiral and annular vessels also occur, especially in 
tlie younger portions. 

All the above forms of tlio stem are characterized by having their 
fibro-vascular bundles when coiiqdete dt?.stitnte of cainhiinn, hence called 
(dosed (p. 515). They are developed only at tlie point. From this 
circumstance, these higher Cryptugamia are often called Acroyens, or 
Aa'ohrifa (point-growers ). 

Monocotyledons. — The stems of Monocotyledonous ]dants have a very 
ditferent organization from the above. The most striking peculiarity, at 
first sight, is the isolation of the tibro-vascular bundles, which, as a rule, 
anastomose but slightly in any part of their course through the stem, and 
are scattered singly in the parenchyma of the stem (tig. 574). Another 
important circumstance is, that they pass entirely into the leaves at their 
upper ends (fig. 575, o), wdiile at their lower extremities they approach 
the surface of the stem and anastomose with their fellows to form a more 
or less developed fibrous network, separating the rind or cortical paren- 
chyma from tlie central fibrous part of the stem. It is from this network 
that the fibro-vascular axes of the (adventitious) roots ai’e derived (fig. 
575, h). 

The stems of Monocotyledons are very generally herbaceous, and thus 
present very important varieties of form, arising from non-development of 
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internodes, according to regular plans. These niodidcations disguise the 
structure ; hut it may be readily understood by means of diagrammatic 
illustrations of some of the principal forms. 


Fig. 575. 



Pig. 573. DiaCTam of the arrangement of the lihro-vaseular bundltiS in the Htem <jf a 
Tre<>-fern. 

Fig. 574. Diagra epresenting the arrangement of the fihro-vaseular bundlea in a 
Pal i-stem 

575. Anotht diagram, representing the upper (<i) and lower (ft) extremiti<is of a 
MonoeotyledonouB trunk, with its tibrous lay<T, wliere the sttmi-hundleB 
term’.nate and those of th<? root comnnmee, enelosed by a (jortieal layer. 

The fibro-vascular bundles of Monocotyledons (5g. 57()) being of the 
definite or closed kind (p. 515), they acquire their full development in each 
interuode before the leaves to which they belong fall ; and heuc(i the stems 
of this class do not increase in diameter as a general rule, but have a 
columnar character when they form woody trunks. But there are ex- 
ceptions to this rule. 

It has just been statt^d that the fibr<»-vascular bundles tfirminate below, 
near the periphery of the stem, and th(‘re form a more or less evident net- 
work of hbres ; this network constitutes a land of sheath round the gene- 
ral mass of the stem, and is itself covered by a more or less developed 
rind or cortical parenchyma (fig. 575, b). The tissue in the region of the 
fibro-vascular n(d;work, or fibrous layer , remains in most cases in the con- 
dition of cambium, as we see adventitious roots readily formed in this 
situation. In Dracemia, Yucca, and some other woody Monocotyledons 
the stem becomes increased in thickness with the age of the tree, by the 
formation of layers of liber-like prosenchyma in this fibrous layer pushing 
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the nnd outward. The original 
(jeiitral hbro- vascular system of 
the stem remains unaltered. 

Tlie rf^gion, at the junction of 
tile central and cortical paren- 
ch}Tnas, where the lihro-vascidar 
hundkts terininaU^ should pt‘.r- 
haps be c.alled a cow^/mw-region, 
siiUH> thc! cellular tissue siliiaUnl 
liere retains its d<*velopinental 
power in many cases. The es- 
stuitial dillen'n(r(i between) this 
and the cambium-ring of Dico- 
tyledons dt'ptmds on tla^ fact of 
its not coinciding, in a parallel 
arrang’ement, witli the camlnuni- 
r(‘gi<»n of the fibro-vascidar bun- 
dl(;s, but with the aximniitics of 
the bundles, which always re- 
main isolated from each otht'r. 
’'I'he suc-ces.sive layers of fibrous 
structure in Draccp.m &c. art* 
formed in like manner of isokilt'd 
biindkvs imb(‘dded in partmeby- 
nia ; they are unc()nne(^t('d with 
tli(! old bundlt^s of tht^ primary 
axis, but are eontiniKUis above 
with the kxrer enda of bundles h;- 
longing to t lu^ branches occurring 
in these stems. 


Fig. 576. 



Mono( otvh*donoiis fIl>ro-vaBciil»r bundle (from 
tho Hf)adix of Vhamij dactyl \f era'). A. Trans- 
verw* st‘<?tion. B. Vertical section; p, parenchy- 
ma in winch thc bundles lie; «*, wood-cells; 


The stems of lierbaceous Mo- 2 %Bi>irai veH..d8 ; rf 

, , , . ... /, bher-eclis. Magn. 100 dxam. 

iU)cotyiedons have the tlbro-^ a..s- 

cular s 3 \stem alw.avs in the form of ‘^stringy” fibres imbedded in 
sjKVulent parenchyma ; and in tho.s(5 ijerennial stems of the Class which 
acquire a solid woody structurt' tln> ligneous character dtqxmds, not on 
the libro-v^ascular system, but on the general parenchyma of the stem 
having its colls lignitied (scliTeiichyma), of wliich we have examples in the 
Cocoa-nut and otln'r Palms, in the. Bamboo, &c. 


The iditd, of tht^ Monocolyledojious sh'm, totally ditferent from true hark^ 
is generally little devt'lo})ed. Oii herbaceous stems it is a mere epidermis; 
but on fl(?sliy rhizomes it sometimes acquires considerable thickness, and 
is then found to bo composed of s]»ongiform parenchyma, with large air- 
luivitics, the whole hounded externally by a few layers of tabular paren- 
cliyma with a corky exuter surface. 

A certain number of forms occur aberrant from the typo above described. 
In Aloe tlu^ iibro-\ascular biindlt^s are so arranged as to form a kind of 
cylinder, separating a central from a cortical parenchyma. In the Smi- 
laceeo, Dioscoreacese, and some other Orders, the rhizomes imitate still 
more the Dicotyledonous arrangement ; for not only do the bundles stand 
in circles, they do not pass wholly off into the leaves, but run continuously 
tlirough the structi..re. Still there is no periodical resumption of activity 
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in tho bundles, as in the Dicotyledons. In TradescmiHay and in the Grasses 
also, anastomoses of the isolated hbres take place at the nodes of the stem. 

Dicotyledonous Stems. — The stems of Dicotyle- 
dons, and of Conifers which ag^roe in the main 
points, are at first of vei*y simple structure, almost 
resembling those of the Ferns ; but their fibro-vas- 
cular bundles being of the open or indefinite kind, 
capable of lateral growth by addition of new (de- 
immts season after season in tlndr outer njgimis, the 
full-grown stems depart widely from the preceding 
types. 

For purposes of com]>arison, attention must be 
confined to shoot s or si (‘ins of Dicotyledons in tlieir 
first year of gi’owth, as tin* forination of annual layers 
is a phenomenon to whieli there is nothing corre- 
spondent ill the other Classes (exce])t:iug Conifers). 

Wlien a young herhaci‘ous stem of a Dicotyledon 
is cut across, wo find tho fibro- vascular biimlhjs 
standing in a circle round a c»*ntral parencliymatous 
mass, the pith, and envelopi?d by a cellular rind ( tig. 

577) . The bundles run in tolerably straight vertical 
courses and anastomose fretdy ; a certain number of 
bundles are distributed to each leaf. 

As the stem increases in age, each fibro-vascular 
bundle forms a wedge-sliaped mass of wood (iig. 

578) by (Fvelopmciit of the inner part of the cani- Dia^rram of tho arranK«- 
bium-region, and at the same time a layer of li))er nu nf of tho iihro-vaacu- 
at the extreme outer side, next the bark. At tlie 

close or the first season, 1 lieretorc, wo have a central 
pith (fig. 578, p), immediately bounded by the vascular portion of the 
bundles (called the imtdullary i^heafh) {in .s), from which pass th(‘. vessels 
to supply the leaves ; next come the wedges of* wood f(>rni(‘tl of pro- 
soiichyina (]ir) and ducts ((t/, d) in most Dicotyhulons, of prosenchyma 
alone in Conifers, which passes into the camhial or generating layer ( c) ; 
and this is continuous outside with the /«7>c/’-bundles (C, corresponding 
to the wedges of wood : the liber-fihnns, like the inner vascular elements, 
send branches to form part of the ribs of the lea\ (ts. 

The fibro-vascular bundles, standing side by side, do not becoimi abso- 
lutely united, but are separated by thin plates (jf compressed C(‘llnlar tissue, 
running out from the pitJj to the cortical parenchyma j these plates are 
called medullary rays (fig. 579). 

The liber-portions of the bundles are associated with rows of clatbrate 
cells (p. 487), and frequently with latex-canals (p. 513), and they are sur- 
rounded by a layer of parenchyma, composed of cells filled with sap and 
containing chlorophyll, the herbaceous or cellular envelope (fig. 578, c p) ; 
and this is protected externally by the dry suherous layer (^r/), whhh 
succeeds to the epidermis when the herbaceous shoot acquires a woody 
character. 

Modifications. — Many special modifications of the above type are met 
with in Dicotyledons. In the Piperacem there is a kind of double con- 
centric circle of fibro-vascular bundles, the inner circle supplying the 
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leaves, but not possessed of a cambium-region ; while the outer circle is 
of tlie ordinary open or unlimited chai-acter. In the Sapindacese, Malpi- 
ghiacese, and some other Orders, part of the hbro- vascular bundles remain 
separate from the principal circle, and lay the foundation of a number of 
secondary cylinders of wood (mclosed hy a common bark ; this pheno- 
menon may be well observed in Calycanlhys, where a square form of the 
stem results from four fibro-vascular bundles remaining free from thecentral 
cylinder of wood in this way. In tlie Nvniphneaceje we find a very aber- 
rant condition : the libro-vaacular bundles, forujed of vessels and paren- 
chymatous cells aloiK*, without w(;od, are quite isolated, destitute of cam- 
hiunif and fonu a complicated interlacement closely resembling that oc- 
curring in M onocotyh'doiis — tluTo being no distinction of pith and medul- 
lary rays, and no bark. 


Fig. 578. 



i 


Difotyledonoas fibro-vaspular bundle* ('Pbin«*-r.ro«*) of one year’s growth. A. Transverse 
section. IJ. Vertical section ; «/, suberous layer of tlu! bark ; c p, cortical parenchyma : 

liber; c, cambium- region ; rf, ducts lying in the prosenchyma, or wood-eells, pr ; vis, 
medullary slu^ath of spiral vessels ; p.pith. The structures eonnectecl by ft belong to ihe 
bark, those marked ta to the wood. Iti A, the bundle is seen to be l>ound»*d on each side 
by a medullary ray, running from the pith to the cortical parenchyma. Magn. 60 diam. 

A still more froquent source of diversity lies in the varied nature and 
mode oi“ aiTaiigemeiit of the elements of the wood. In the Plane (fig. 578) 
we see the spiral and annular vessels succeeded by a body of prosenchyma, 
in which an‘ scattered large pitted ducts. In the Hazel and Alder these 
ducts are iar more numerous, as they are also in the Lime. In the C)ak 
the prosenchymatous cells are very small, and beconif? greatly thickened, 
hut the diicts are large. The Box has very small and dense prosenchyma- 
cells and few and small ducts. In the spongy wood of the Bombacese the 
prosenchyma is abuost wholly replaced by thin-walled parenchyma. 
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In the Coniferae there is a total absence of ducts, the wood beinj? formed 
exclusively of prosenchyma with the peculifir bordered pUs (fig. 58 i"), or, 
as in 7\i:rus, with both pits and a spiral fibre (tig. 54i2). 

Annual growth of Rings. — With the commencement of a second season 
of growth, a Dicotyledonous stem begins to acquire its especial peculiari- 
ties. When the buds open to produce new shoots, cell-division recoin - 
nieiices in the cambium-region of tiie old bundles, and an additional layer 
of wood is added gradually during the season to that formed the year be- 
fore. Season after season this process is repeated, and thns the cross 
sections of the steins piv seiit a seritvs of concenlric laminte of wood corn^- 
spouding to the miiuber of seasons during which the stem has existed 
(figs. 579 k 5S0). 

Fig. 570. Fig. 5ft0. 



lary rays; I, libiT; r. cambium-rc^iDn ; «, wood; />, nro'diillary rays ; m, medul- 
lary alieath of Hpiral vesselw; The fipfures to C, 1, 2, 3, mark the wood and 

liiwr helongiuK - vi-ar. 

^ig. /580. Dittgniiii of a vertical Heetion of a Dicof.yloaououH stem 3 year« old, with 3 branches 
iiiarki'd 1 . 2, 3, indif-ating the age in years of the f)raneh and the iutcmodc below 
it. I'lu; figures helt>w d<*rujte the ages of the layers of liber and wood ; p, pith ; 
e, eanibitim ; »», medullary sbeafb ; w c, lay«TB of wood; I, layers of liber; 
6, cellular and (jorky layer of bark. 

The concentric lamellfe of wood in Dicot jliidons are really annual rinffs 
in most trees of temperate climates. In the tropical trees it frequently 
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happens that more than one rin<? is formed annually. In our own trees 
an interruption to the voi^etation, such as is caused by an accidental de- 
foliation during; the summer, produces additional annular markings. In 
the common 15(ietroot several rings arti produced in one season. 

In some tropical trees ( Malpighiacetc) the concentric circles are not 
very clearly marked ; in otln^rs they are even separat(*d by a distinct la 3 ^er 
of parenchyma. In Ihe IlignoniaceaD it is common to iind the wood 
divided into four large portions, separat'd by wedge-shaped cortical struc- 
tures, giving in tin; horizontal section the form of a cross. The old stems 
of such plants as the Sa])indaci'.‘o Sic., above refern'd to, with isolated 
bundles outside the central woody c^dnder, acquire very anomalous 
forms with age, since each eoU(;ction of tibro- vascular bundles is developed 
aniiuall}' in its cambium-region, uiid hence the stem assumes thi* appear- 
ance ot‘ sev(;ral steins enclosed in a common bark. In (.Vends more than 
one y(^ar is requir<!d to complete a w'oody zoiu; ; thus, in very old stems 
of Cycads, only a few rings are seen surrounding a voluminous pith. 

Heart-wood and Sap-wood. — As wo(»dy trnnks increase in size, the 
older parts of the wood fn^qiamtly go on increasing in density by tlu; for- 
mation of secondary layers in the cells of the prosenchyma ; thus the old 
central wood becomes mor(; solid, fornjing what is calk'd the ditramen 
or heart-wood, which is Homeliiiies dfxqily coloured by chemical changes 
or secretion of various substance.s, as we see in I'^bony, Jjigiiuni Vita.', 
&c. The youug external layers of wood, in which the astumding current 
of fluid ])asst's freely, is called the athurmnn or nap-wood. '^I'he chemical 
and physical chang's which take ])la(‘(' as tin.' sap-wood passes into the 
state of heart- wood have been previously alluded to. 

Origin of the Fibro-vascular Bundles. — The fibro-vascular systems of 
the branches of Dicotyledons originate iiulependeiitly in the 'laid from 
the procamhium, hut soon become hk iided with those' of the parent axis, 
with which lln'ir layers of increase becoiiH' iinintemipt* dly continuous. 
Wlnm a brancli is hrolo'U olf short, leaving no buds u])on it to continue 
its growth, it becomes snrroiimled and ultimately entindv (‘iiveloped by 
tlK*! succe('ding anmml layers of wood, and in this wav forms a “ knot.” 
The numerous small knots of the wood of Unun nplvcstris arise from 
certain of its branches being broken off while small. 

Pith. — The pith or meduUn consists of parenchymatous tissue, hik'd 
with nutrient matters, stored up for the use of the growing tissues. It 
is of most aer\ice in young twigs, and becomes mori; or less im;rt in after- 
life, and ofVn disappears as the wood grows. It exists either as a con- 
tinuous cylinder, or is broken up into disks separat'd by cavities one 
from the other, as in the Walnut. The cells of the pith contain starch, 
or crystals, or simply air. In some cas(;s some of the ct'lls of the pith 
n'taiii thfdr vitality longer than others, so that there is an admixture of 
living and dead cells ; and in this wa}^ the difierences in the pith may 
even serve to distinguish certain genera one from the other (Gris). Occa- 
sionally it is more or less completely" lignihed. 

Medullary Kays. — The meduUanj rays (fig. 579, A) which separate the 
niimary^ bundles are developed in the cambiiiin-i*egion with the yearly 
layers of wood, and always extend to the cortical parenchyma j in the 
layers of successive years the new elements of the wood separate into 
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parcols divided by secondary medullary rays 57^^, B, C), which are 
repeated in each auccesHive season. The course of the iibro-vascular 
biindlos bein" alifvhtly sinuous, from their lateral anastomoses, the medul- 
lary rays have, sinufly, no great vi*rtical dimensions ; and their transverse 
diameter varies in diHerent cases. Their cells become lignified in heart- 
wood. 

Liber. — The Uher (for an account of the construction of which see ante, 
p. 517 ) is usually formed in successive Ihiii lamina^ composed of slender 
laterally anastomosiug bundles of lib(‘r-ctdls ; and in some plants these 
lamiiue are separated by layers of pareiiclivnia or ])(‘riderm, so tiiat the 
liber-structure of old stems may be sjdit. into it,s annual layers. In some 
stems the liber ceases to grow after the first season. 

Tlio of which liussia mattingis mnd(; consists of the separate 
liber-layers of the Lime-tr(‘e. Tlie, “ lace ’’ of the laiee-bark tivt^ ( Layetta 
lintearla) is the liber, and that of other trees of the Order Tliymelacem is 
used fur tying np bundles of cigars «S:c. 

The Herbaceous Envelope. — The cvUnlnr or herhaceons envelope (fig. 578, 
ep) is ginierallyin an active condition of vegetation during tin; growing- 
season, since its tissue must iucreas(‘ laterally (tangentially to tln^ sUnu) 
to allow of the increasing diameter, while, if pn)duces tlie new siiberous 
structure on the. outside. 

Cork-layers. — The mhe?*ous layer differs much iji its condition in dif- 
fident tr(‘es. Ida' general construction has been alliuhnl to at p. 522. 

The Structure of the Boot lias of late attracted inucli atUuition 
from jViig(di, lieiiike, ♦Jaiiczewski, Van I'leglumi, and others. It 
is only by studying the mode, in which the originally liomogonooiis 
cellular mass of the root breaks up into distinct layers and 
assumes a dilTcrent form and a.rrang(Mnent of it.s (constituent 
etdls that the stru(duro can rightly be umhirstood. Tlu^ simplest 
idea of the root is tliat of a mere unieel Inlar thread, such as 
meet with in the lower ThallogeJis, and also in the shape of 
the root-hairs which are ])roJuced from tlu^ epidermis of more 
highly organized roots. Physiologically, vie\N’ing the ro(;t merely 
as an organ of absorption, this ty])e of root is all important. But 
in most plants the root is sonn^thing more than tin organ of al)- 
sorpthm. It is a laborat ory, in wldch mitrii iv*? matters are moved 
from place to place or awj stored ii]) for futun? use, so that roots 
of this character have much of the functions of the stem. Ac- 
cordingly we find, in roots of higher organization, considerable 
difFeromce of structure, varying also in the dilferent groups of 
plants. 

The roots of vascular plants may be defined as outgrowths from 
the interior of the stem provided with a root-cap (pHeorhiza), but 
as a rule never producing leaves or buds, and growing in length 
only near the point beneath the cap. 

The general structure of ;the roots of vascular plants may be 
defined as consisting of an epidermis, bounding a cortical paren- 
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chyma, in which is plunged a central cylinder. The epidermis 
will be spoken of hereafter. 

The Cortical Parenchyma is wholly cellular, and may be gene- 
rally subdivided into two zones, an outer and an inner. The cells 
of the outer zone increase from within outwards (centrifugally) , 
decrease in size towards the outside, and are so closely packed as 
to leave no intercellular spaces. The cells of the inner zone of 
the (cortical parenchyma iiicn^ase from without inw^ards (eentri- 
petally), and decrease in size from without inw^ards. They are 
dis})osed in radiating series or in concentric zones, and have inter- 
cellular spaces. 

The Protecting Sheath. — This, th(i fjahie protectrice of the 
l^Veiich, the SchutzHchaUlt' oF the Germans, was first pointed out by 
(’aspary. It is a special layer of cells, forming the innermost 
layer of the (jortical panmehyma and separating it from the central 
eyliiider. The cells of the ])rotecting sheath are marked on their 
sid(;s by transverse folds or ridges, the ridges of one cell fitting 
into correspouding furrows of its neighbour, so that the cells are 
“ dove-tailed into one auotlior. In longitudinal section these 
iiudulations of the cell-walls give an appearance as of the rounds 
of a ladder ; in t-ransv('rse s('(*tion the ap{)earance is giveii, of ^'ery 
small oval dark spots in the middle of the lateral boundaries of the 
cell. 

The Central Cylinder (Pericamhinm) is originally a mass of 
])leroma or growing e(‘llula.r tissue : the outermost layer of this 
devc^lops into a sp(H*ial layer of jtericamhivtn^ which is thus in iin- 
mediale contact with tht‘ protecting sheath on the outer side, its 
cells b(‘iug so arranged as to allerjiafe with those of the sheath. 
Thus one cell of the jKTieambiiim com<*s betw een tw’oof the sheath, 
and so on. Hence the layer is readily rc^cogiiizable under the 
inicroscoj)e. The central mass of plerome forms the vessels which 
are developed ceiitri petal ly and alternately with bundles of bast 
or liber-cells, aLso develojied cent ripet ally. The untransformed 
cellular tissue surrounding the vessels and bast-cells is called the 
connecting tissue. Hoots of this character, then, differ especially 
from the stem in having their bast or liber-coils alternating in 
position with the vasi'ular bundles proper, not placed external to 
them. 

Hoots of Vascular Cryptogamia. — The structure of the roots of the 
higher Cryptogams is identical in the main with that just described ; 
when once the primaiy structures are completed no further change takes 
place. The new rootlets originate from the inner layers of the cortical 
parenchyma. The roots of Equisetaceae have no pericambial layer. 

Hoots of Monocotyledons. — The generstl structure is the same as that of 
the Vascular Cryptogams, the rootlets originating from the pericambial 
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or rhizoofenous layer opposite to the vessels (fi*r. 581 , A, a ;*), except in 
Grasses, where they originate opposite the liber-buudlea. The anatomy 
may be easily studied oy tracing the development (^f the adventitious 
roots on the rhizomes of Kuahes, Flags, and other plants of this Class. 
The roots originate in the region where the libro-vascular bundles of the 


stem terminate (and frequently form 
a fibrous plexus). They are at first 
wholly cellular, and we may dis- 
tinguish in them three parts, — a 
woody axis, wliich soon beconn^s 
continuous with the fibro-vascidar 
plexus ; a cortical parenchyma, con- 
tinuous with tile mner jiart of that 
of the parent stem ; and a hind of 
conical liood of rather dense cellular 
tissue, enveloping the end of tlie 
root. As the root growls it pushes 
the hood forward, wdiich nreaks 
down the cellular tissue befon^ 


Fig. 581. 



it, and finally appears externally. 
When the epidermis IkS ruptured in 
this way, it pri^si^iits a circular fre(? 
edg(i standing up slightly like a 
collar around the base of the frtn? 
part of the root : this is called the 
coleorhiza (fig. 581, 11, c) by some 
aut hors. The conical hood upon tlu^ 
apex of the root forms tin* root-cap 
or the pUeorhiza (fig. 581, 31,^), and 
is more; or less persistent in difierent 
cases ; in aquatic plants it b('Comes 
greatly developcid, as may bt? seen in 
the Duckweed {Lvinna)^ where it 



forms a long slieath, apjiearing as i>eyeiopnu*nt of acivcniiiituis roots 
if slipped over the end of the rootlet. mum. A, Jt. 

mV c A 1 cortKja] imronohyina (/’p), tibrouH iuyt.r ( n 

The focus of development of the t.i;..«i.ro-48ouiaTi)unai.‘H terminate. 


The focus of development of the X^rfthiVbio-vaBouiar 

root is within the pUeorhiza^ which and camtral region (7«;?) in which thw^bun- 

is pusliod forward bjr the continiial 

development of cells ] ust behind the Bid«^ of tin; llbnmB Inyer : in ,H the Tn«)re ad- 
' vanced root fa r) has emerg«'d, leaving a 

* , rttctred collar or eoleorhiza (f*;, and having 

1 he pileorhiza may be compared ^ root-hood or pileorhiza on its extremity, 
to a kind of shield or guard to the 

tip of the root, protecting tlui nascent tissue, by the expansion of which 
it is pushed forward, itself always possessing a certain solidity which 
enables it to penetrate b<itween the particles of the soil. 

In a cross section of the root of a Monocotyledon we see the centre 


occupied by prosenehymatous tissue, with a circle of vessels around it ; 
the whole enclosed by regular parenchyma, sometimes by liber-cells, and 
covered by an epidermis. The ring of vesstds spreads out into a kind of 
rosette at the base, and anastomoses with the extremities of the fibro- 


vascular bundles of the stem in the fibrous region. Secondary adven- 
titious roots are formed in the same way in the roots, originating imme- 
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diately upon the Yascular ring and breaking through the cortical 
parenchyma. 

The •woody adventitious roots of arborescent Monocotyledons differ 
only in the greater development of the fibro-vasciilar structures ; and 
they emerge from the st(?m (Palms) in the form of thick conical shoots. 

When adventitious roots, like those just described, die away, they 
decay down to their very origin, and leave a scar in the form of an orifice 
surrounded by the ragg(*d coleorhiza. 

In th(i thickc'ned adventitious roots of Asparafjm^ which perform the 
function of ftth rs^ the panuichyma is greatly developed. In the tuberous 
roots of Orchids (figs. 21 & 22) the central woody axis becomes irregularly 
(‘xpanded into parenchymatous tissue driving the vessels out nearly to 
the peripluu’y, so that the characteristic structure is greatly disguised. 
The aerial roots of th(^ epijdiytic Orchids have the growing extremities 
clothed by several layers of a parenchymatous tissue, in which the cells 
are characterized !)}• d('licate oprui spiral-fibrous secondary layers. 

Hoots of Dicotyledons. — In tliese plants the root has at first the snme 
struct lire and arrangcamuit of its elements as in Ovpt(>gams and Mono- 
cotyledons, the rootlets b(‘ing formed opposite the vessels from the peri- 
camhial layer. A great difiereuce, however, shows itself in a secondaiy 


Fig. /)82. 


Fig. 583. 



Fig. .')82. Extremity of tho root of a grrmiaatiTig Turnip, with root-hairs. Magn. 30 diam. 
Fig. 583. Longitudinal section through young root, showing the root-oap. 


formation of liber and vessels, which enables the roots to thicken and 
even to form concenlric zones exactly as in the stem. In the early stage 
of the Dicotyledonous roots the bundles of liber-cells and the bundles of 
vessels are, as in the other groups of plants, alternate with each other, 
but a secondary formation of cambium-cells takes place on the inner side 
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of each of tlie primitive liber-bundles. Tins secondary cambium grows 
both on its outer and its inner surface, forming ultimately on the outer 
side liber-cells, on the inner side vessels exactly as in the case of the Dico- 
tyledonous woody bundles. In general terms, then, it may bo said tliat 
tile Dicotyledonous root consists of a cellular mass encircled by corh'x. 
In the central cellular mass art' formed two or more sots of vessels and 
of liber-cells, each distinct from the other and alternating one with the 
other (fig. 58:1). After this primary stage of growth is completed, a 
secondary development of iihro-vascular bundles, with the liber outside 
and the vessels insidt', takes ])la{te on the inttuior of the primitivti liher- 
biindles, wliicli latter are therefore pushed outwards, riltimately, then, 
there are two or mon^ radiating plates of primitive vascular tissue sepa- 
rated by cellular tissue from a series of radiating plates, consisting of 
liber and vossids. 

(frtjat variations occur in difierent plants in the number and exact dis- 
position of the bundles v^c., for an account of which the original memoirs 
of the authors above cited must be consulted. 

In th(^ adult state the a.vkil root, of Dicotyhalons, being a direct con- 
tinuation of the stem, displays a cii’cular group of iibro-vjisciilar bundh^s 
as in the ascejiding axis; hut these mostly converge at the point of 
junction of stem and root ( so that t lie central axis of ]).'ir(nichyma, 

tlie plth^ is usually absent, the medullary ra 3 "s Kunaining as in the stem. 
Ilie roots of Dicotyledons increase in diameter by annual layers of wood 
fotined ill tlie libro- vascular bundles, lhes(‘, however, being less regular 
in their arraiigtoneut than those of the stem on account of the tortuous 
course of the roots; hence whih^ the wood of the roots is oi’tfni us(^l‘id for 
oriianKUital purposes, it is comparatively valueless for earpent(a’s’ uses. 
The branches of tlu^ axial root are originally growths from t-ln^ apex of 
the root, thrown olf to the side, as it were, and their woody axis is 
derived from a division of thfit of the main root. 

The radicle of a gt rminuling Dicotyledon has its root-cap, and grows 
in the same way as that of the Monocotyledons, by dcveloprneut of c-ells 
just behind the apex (figs. 582, 5(S:5). 

Root-hairs. — Young roots aro covered by a delicate ejiidermis ; 
and the cells of this are abundantly ])roduced into hairs in many 
planis (fig. 584), especially in those growing in light soils ; tliese 
fibrils are deciduovis, the delicalo epidermis (wliicb is always desti- 
tute of stomata) being gradually converted into a corky' layer. 

Adventitious Roots are yQxy common in Ihcotyhdcius, especially the 
herbaceous ])ereiiiiial kinds, and they alone can exist on phints raised 
from cutfwf/a &c. of steins. The roots originate much in the same way 
as those of the Monocotyledons, appearing first as cellular coikjs in the 
region adjacent to the cambium-layer, with which the fibro- vascular 
structure soon becomes confluent. They break through the rind, with a 
coleorhiza, and protected by a pileorhiza, just as in Monocotyledons ; but 
when once formed, they appear to branch in the same manner as the 
axial root, and not by the formation of secondary adventitious roots. 

Trdcul states that "the structure of adventitious roots diflers according 
to the part of the stem whence they emerge. If, for instance, they 
originate opposite a hhro-vascular bundle, as in the centre of the 
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root is occupied by a bundle of libro- vascular tissue ; if they spring from 
the stem opposite the piili or cellular tissue between the vessels, then 
the centre of the root is likewise cellular. In Cryptogams, according to 
Nageli, the roots always originate* opposite a tibro-vascular bundle. 

The primary form and disposition of the roots depend in a measure on 
the form of the terminal cells and on the direction of the partitions by 
which they are divided — lengthwise, horizontal, or oblique. 


Fig. 584. 



Tuberous Roots of herbaceous Dicotyledons present several modifica- 
tions in the arrangement of the structures. In tlie Carrot and Parsnep 
the fibro-vasciilar ring has its component parts much separated by the 
great development of the medullary rays and masses of parenchyma re- 
placing the ordinaiy prosencliyma of woody roots, so that the fibro- 
vascular structure has a deceptive resemblance to that of Monocotyledons ; 
and the cortical parenchyma, again, is greatly developed, so as to form a 
thick fleshy rind. In the Turnip the cortical parenchyma is little deve- 
loped, and the mass of the fibro-vascular bundles lies immediately under 
the rind, the inner vascuhir parts of the bimdles being split up, as it were, 
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into a row of fibres radially arranged and imbedded in a great quantity 
of lax parenchyma. The fibro-vascular bundles converge at the collar,’^ 
and then separate again to surround the pith of the stem ; they also con- 
verge again towards the point of the root. These so-called roots are 
more nearly allied to tlie stem, and are, indeed, hypocotyledonary stems. 

The structure described under the name of spongioles has no existence 
in nature. The error has probably arisen from the appearance presented 
by i\LQ pUeorhiza. 

Old roots of [cotyledons present a dense heart- wood like the trunks, 
passage of fiuid taking place through the outer layers. When the older 
parts of roots are exposed to the air by removal of soil, they acquire a 
tliick corky periderm. 

The general structure of the root of Gyranosperras is like that of Dico- 
tyh^dons, except that there is no derniatogen, the outer layer of the 
periblem becoming transformed into epidermis. 


Fig. 585. 



Projection of a fragment of th(! leaf of the Turnip, constructed frou) scictionB made in various 
directions, and magn. 100 diam.: <?, epidermis of the upper surface with its stomata ; « , 
epidermis of the lower faoc ; stomata, cut through, opening into intercellular cavities ; 
wi, close parenchyma (palisade (jells) of the upp(^r jiart of the h>af ; wi\ loose and spongy 
parenchyma of the lower part ; p.h, the cut end of a fibro-vascuhir bundle forming one 
of the veins of the leaf. 

Structure of Leaves &c. — The plan of construction of the leaves 
and of the other appendicular organs of the stem is in the main 
identical throughout all eases; but there is very considenible 
variation within the limits of the general type. The essential 
character <if the anatomy of a leaf is, that it is an expanded layer 
of parenchyma clothed over its whole surface with epidermis, and 
famished, according to its degree of development, with a more 
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or less extensive and complicated framework of fibro-vascular 
bundles. 

In the leaf of the Turnip, for example (fig. 585), we iind an upper (e) 
and lower (e) (‘pid(?rniis, with an intermediate mass of parencliyma (or 
rnorencliymn, rather chise in the upper part, whence the name 

palimde ^?'v,s7/c, and iSpongiforni in the lower part. The epidermis is 
studded with stomata (.v), which open into interetd hilar spaces commu- 
nicating: fret'ly tlirou^diout the sponj^ tissue, and, further, throu»-h the 
j)etiole, with the intercellular passafres in the stem. The hbro-vascular 
system (ribs and reins) runs through the lower lax parenchyma (fig. 
585, f, &), and consists of bundles of spiral vessels and liber, the former 
continuous with the medullar^’ slu^atli and youngest ])art of the vascular 
axis of the stem, the latter conlimious with the liber-bundle outside the 
cambium. 'Tht* primary ribs in most Ihcotyiedons contain much liber, 
anti thus l)tM*ojiie very tliiclt, so as to project from tlu^ lower face of the 
leaf. 'rii(w ha\e a, structim^ almost prescisely like tlial of a small branch. 

(Irt^at diHorences r(‘sult from the diff(‘rent. dt'grees of develonment of 
tlie spongy portion, as may In* se(‘ii by comparing the leaf of tne Lilac 
with that oftlu^ Ahx' or Mesetuhn/rndheminn A;c. Tht; degree of ctmsoli- 
(latioii of the epithinnis by lh(‘ i(»nnatioii of thicktming layers is the 
principal source of dilhu'tmce. in the degree of solidity of leavers. 

Siil)im}rg(‘d l('av(‘S of aquatic plants have no stomata nor any extensive 
intercellular system ; tlie epid('nnis is also little developed, and there is 
commonly a total abstuu^e of libro- vascular tissue : hence the delicate and 
pcu’ishable cbarach'r of those organs. 

The leaves and otluu* appendicular organs are especially the seat of the 
glandular and analogous epidermal structures. 

Structure of Petioles. — The petioles usually consist, of a mass of paren- 
chyma, surrounded by epidermis and traversed by libro- vascular bundles 
arrangt;d in a more or less semicircular manner, the spiral vessels being 
uppermost, corresponding to tin; raediillarv sbealbs. When cylindrical 
the- bundles fomi a coiiiphqe circlip and the structure is then iindis- 
tinguisliable from that of a young branch, on wbic-li account the ordinary 
hiaf has been regarded as a brunch the upper portion of whose vascular 
tissues are suppressed or depauperated (0. de Candolle). 

Fall of the Leaf. — The fall of the leaf, as of the fruit, and in some 
cns(‘sof the branches (as in Taxodiumy iSrc.), is effected by the gradual for- 
mation of a layer of thin-walled cells across the petiole, at right angles 
to the direction of the other tissues, and which thus ultimately separates 
the inert leaf from the living stem as by a knife-blade. 

Structure of the Floral Organs. — Bracts, sepals, petals, &c. are 
organized on the same plan as leaves, their epidermis frequently 
presenting raised conical cells and having stomata. The tissues of 
these organs are more delicate, the fibre- vascular structures being 
almost exclusively formed of spiral vessels. The parenchyma of 
petals contains fluid colouring-matters instead of chlorophyll. 

In the parenchyma of the floral organs of coloured structures, the cells 
are filled wdth fluid colouring-matters of various tints, the depth of colour 
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depending on the greater or smaller number of layers of colour-cells 
beneath the epidermis, the tints diilcring accordingly as cells containing 
colouring-matter of difierent hues overlie one another. 

Structure of the Anther, &c. — Stainons and pistils are composed 
of rather regular parencliyina with a delicate epidermis, and iibro- 
vascular ribs more or less developed in dilferont cases. 

The structure of the anther is somewhat com})lox, viuying not only in 
dilferent plants hut also in diUbrent stages of gi’Dwth. At first consisting 
of cells 01 about the same size and form, it subsequently presents a central 
mass devoted to the formation of the pollen (see under Physiology of 
Iteproductive Oi-gans). U’liis central mass is oveiiaiii by throe layers of 
cells : first in order going from within outwardvS is the nidotheciunij con- 
stituted by a single layer of cleliciite cells of a difitu’ent size, and shape 
from the rest, and usually disappearing as the polkm -grains are matund. 
These colls apparently contain jiitrogenous contents, supposed to be 
applied to the nutrition of the pollen-cells during their growth. Tliis 
layer is persistent in the ease of anthers o]>eniug by pores. Succeeding 
the endothecium are one or mure layers of ptirinaiieut cells, some of 
which contain spiral libres. These cells con.stituti' thi‘ mt'sothacium. The 
fibrous cells vary in number and situation in difiin*(Uit ]>lants, and are 
Bonietinies entirely absent, as in the case of antiiers opening by pores ; 
hence they are supposed to act liygro metrically in tln< dehiscemee of 
valvular anthers. The third layer of tlie anthers is id* an epidermal 
character, and is called tlui vx-othcvlam. The connectiv('. has the general 
structure of the filament ; sometimes, as in soim^ Lilies, it contains librous 
cells. Each cell of the anther is partly subdivided by ctdlulav prtqcjidions 
from the connective; to these processes M. (Jliatiu gives the name of 
plarentoidsy being of opinion that tliey contribute to the nourishment of 
the pollen. 

Pistil. — The pistils and fruits have, for the most part, the gcmeral 
structure of leaves. Sonic of their libro-vascular h undies rim along the 
placentas and givii off s}>iral vessels through the lunic-iilus to terminate at 
the chalaza of the ovule. The style has usually in tlie ci-ntre a quantity 
of loosely packed, cylindrical, elongated cells, constituting tin? cumlavtimj 
for tne pollen-tubes. The stigmatic colls are devoid of ejndermal 
covering, and hence present the form of partly detached prominences „or 
papiHse. 

Ovtdes, Seeds. — The coats of the o^^^le, as well as the nucleus, are de- 
scribed as wholly cellular; frequently, however, the vascular tissue, 
instead of ceasing at the chalaza, is prolonged upwards into tin*, coats, as 
may be seen in the testa of many seeds, e.g. Almond, Walnut, Oycas, &c. 
Great changes take place in the nature and arrangement of the cells as 
the ovules ripen into the seeds. The disposition of the cells of the outer 
investment of seeds is often very beautiful and characteristic. 

In the ripening of the fruit the organizing tissues, which carry on the 
growth of the organ, are situated between the inner epidermal layer and 
the tibro-vascular zone, as in the case of leaves. Moreover the fibro- 
vascular bundles are arranged, as in the leaf-blade, with reference to a 
surface, and not in a cylindrical disposition os usually in stem-organa. 
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Thalamus. — The anatomy of the thalamus or receptacle cor- 
responds with that of the stem. Hollow receptacles, like those of 
the Hose or of the Apple, in which the carpels are enclosed or 
imb(3dded, have essentially a stem-si ructure, their cambium-layer 
being placed between the fibre- vascular zone and the outer epi- 
dermis. 

Anatomical and organogenotic investigations show that inferior ovaiies 
(\). 180 ) ar('. really cases of adh(‘,sion of the imbedded carpels to the 
expanded upper extremity of the thalamus. 

The parts of tlie flower, and osp(‘cially the carpels, show many minor 
variations of structure not clearly referable to eitlier the leaf or the stem 
type of structure; ^nd from these, as well as from numerous exceptional 
and transitional cases, it must be assumed that the distinction between 
leaf and axis is not absolute but arbitrary, though it must for convenience’ 
salve be n^tained. 


CHAPTER II. 

rilYSIOLOGY OF VEGETATION. 

Sect, 1. Geneual Considerations. 

Plant Organization. — Tltt‘ orgauization of plants is regulated by 
a scries of laws y Inch ('xhii)ii difL\;reiit degrees of generality. 

The most general law of all is that under wliieh protoplasmic substance 
assimilates ijiorganic or, more rarely, organic inatter, and produces the 
closed cdliilar sacs Ciilled vegetahU^ cells. Tiiis affects all vegetable 
structure wliatsoever. Animal pivdoplasm has apparently no power of 
assimilating inorganic matter. 

The Fungi and j>arasit(_'s live on organic matter ; and this is probably 
the case to a great extent witli cultivated plants growm with excess of 
organic manures. This will he laferved to hereafter. 

One degree less general are the la^vs regulating the /orwis of the cellular 
sacs or celh. These determine at the same time the specific form of the 
plant in the Unic’ollular Algw. 

Next follow the law's of development of the secondary deposits upon 
the w'aUs of the cells, which are valid throughout the whole Vegetable 
Kingdom, but more and more complex in the successively higher classes. 

The law's of combination of the cells into tmm^s are a little less general, 
the diversity increfising here agmnin proportion to the higher position of 
the species.* 

The laws regulating the forms of organs are of very great importance 
and interest; and in these we have to distinguish tw'o aspectsi or, it may 
be said, two coexistent series. 
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The principal Classes of Plants are characterized by respectively 
possessing a peculiar type or plan of combination of the organs, having 
not only a morpholojjical but a physiol(»gical speciality. Tlie type, more 
or less recognizable, is a mark of the existence of a common law of in- 
herited organization throughout each class. Within the limits of tlio 
Classes exist almost inlinite varieties of form, referable to morphological 
laws wl)ich ha’s e been investigated in the Fii’st Part of this work. A 
complicated but graduated and interconnected body of laws was there 
shown to regulale the l ariations of forms in plants generally. 

Lastly, in the descri])tion of the Natural Order of plants, it will have 
been recognized that th(‘re are still more special laws of develo])ment, 
causing the existence of resomblanco in limited groups of speci(^s; and, 
hey'ond this, every species or kind of jdant has its form and inode of life 
more or less delinittdy tix(.‘d and regulated by its special law of organiza- 
tion derived from hereditary descimt, and modili(‘d in accordance with 
external circumstances and the requinnnents of the plant. 

These retiections enable us to exidain simply tlio tiirms higher and 
lower classics or spocit's of plants. In the Protococcun, consisting of n 
simple cell, the s])ecilic law, that which det.(‘rmin<.\s the characteristic 
form, follows immediately on the first of those abov<i indicatiul. In a 
V(mferva, the second and third are both involved ; and tlui specific law at 
once siK'Ceeds those. Proceeding step by stej), we shall find spef*i(?s in 
which there is a diversity of forms of the (H‘11 and of tissiuis ('higher 
aAlgffi) ; next, an additional diversity of organs (leafy Cryptoganiia) ; and 
then come into play the laws of the physiologh'.al and inor))hological ty]>es 
of combination of organs, which are nK»st complicated in the Flow(‘nng 
Plants, ill the development of which, however, from the original germ, or 
embryonal vesicle, we may trace, in a graduated scrj(‘s, tin* coimnoiieement 
of the operation of the successively less general laws of organizatimi. 

jVot only do clifForont plants display gre^at divcTsitu's in strnct'nrc 
and composition, but each iTidividual jdant olTors more or loss 
diverse chanicters at diffi^ront jicriods of life. 

Plants comnience thoir iiKhqKmdent individual life in the form of 
a cell or a group of cells separated from a ])ar(;nt organism. In 
the lower plants such cells, once fully develop(*d, as sjwres or as 
(jonidia, are capalde, under suitable circumstances, of growing up 
into comphite plants. In the higluT ( 'lassiis tln^se cells (emhryimcd 
vesicles^ or tlie pninary cdls of a haf-lmd) go through the earlier 
stages of development connected with the parent organism, and 
are detached (as muh or as hnhiU^ &c.) already ])rovided witli rudi- 
mentary organs of vegetation. 

Duration of Vitality. — In those cases where the detached bodies 
are products of simple vegetative cell-division, tluy often proceed 
at once to grow up into new plants (youidia, z^mfspores)^ but more 
frequently their vitality remains latent for a (iert ain definite period 
(hulh Us, spores of Mosses, Ferns, &c.); and when the body is a 
result of sexual reproduction, it almost always remains for a more 
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or less indefinite period (capable of being shortened or prolonged 
within certain limits by external causes) in a state of rest {seeds, 
restimf'-spores of Akfir., <S:c.), and then undergoes peculiar internal 
changes before recomiriencing development {yermination) in order 
to grow up into a new plant. 

SfHids and resting-spores (and to a loss extent the resting-organs pro- 
duced in Yttgelative propagation, as huthn, tuhees, tfcc. ) are organized in a 
manner especially adapted to preserve the latent vitality from injury hy 
external intiuences. They can withstand great variations of heat or cold, 
especially in tlie {ihsonce of moisture. Most seeds will bear a temperature 
very fur below fnuizing-poiut if kept dry. Wlnjat left in the Arctic 
litigious by th(5 crew of the ^ .Polaris/ and bi‘ougli1 ho me by Sir George 
Nares, after two velars, was found to have its germinating power unim- 
paired, and many will (‘vou bear anexjtosun' to 100° or 110° Falir. in dry 
sand. IVolongt^d immersion in water at l'J(P kills most seeds, unless the 
s](in is very thick and tln^y cofitaiu oil instead ol‘ starch in the endosperm. 
Some seeds will hear a short immersion in boiling water ( rerouica ) ; but 
tln^ 8(‘eds of Ck'veals, Beans, Linsei'd, and other plants scarcely survive a 
lo minutes’ sojikirig in water of 110°, while tliey will bejir 140 in steam 
and 170° in Orv air. 

' Some seeds naturally lose tlioir vitality very soon : this is the case with 
the seeds of Ofjht, Maynolia, &c. ; while other instanc.es are related in 
which it has hemi pi-eserved for centuries. The cases relattal of tlui 
germination of Wheat taken from Egyptian Mummies are fallacious: 
but weJl-autheuticated instances exist of long preservation. 

'riie restiiig-spores of Gonfervoids (iVo/oceecw,s') have hetm revived after 
remaining for years in herbaria ; and it is in cin-ions relation to their 
growtli in shallow pools, often dry in suiniuer, that the resting-spores of 
tliest* phnits u])pear to r(‘(piire to be dried before tliey will germinate. 
Mr. Munhy found a bulb of a species of Kaecissiis sprouting in hi.s 
herbarium after it had beim gathered (in Algeria) upwards of twenty -two 
velars. This bulb, removed into the greenhouse and potted, produced 
llowers. 

Periodicity of Growth.— Plants are subject to a periodicity in 
their vital phenomena, partly dependent on their o\\'n laws of 
growth, partly on the seasons in the climate where they grow. As 
dependent on special laws may be noted the differences between 
annual, biennial, and perennial plants (properly so called), between 
deciduous-h'aved and evergreen trees, &c. 

Annual plants are such as germinate from seed, produce their whole 
vegetable structure, flowers, fruit, and seed, and die away in one season, 
between spring and autumn : such are the summer annuals of our gardens. 
Biennials sprout from seed in one season, and bloom, bear fruit and seed, 
and die in the second; the Turnip, (’arrot, (Enothem biennis, &c. are 
examples of this. Permnial plants exhibit several varieties of condition. 
ITerbaceom perennials (like the Daisy, Primrose, Garden I^ag, &c.) ger- 
minate in one season, and produce a subterraneous rhizome, of indefinite 
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duration, wliich annually sends up a flowering: shoot or shoots. Other 
perennial plants of this kind form one shoot, which vegetates uninter- 
ruptedly for many years before it flowers {^Afjave ainencana, Talipot 
Palm, *&c.) ; and after ripening its seeds the stem dies down, leaving 
usually a number of offsets from the axils of its leaves {inonocar2)ic pere7i-- 
nials). 

Woody perennialsy trees and shrubs, usually vegetate for several years', 
before f lowering, but an*, subject to pt‘rit)dic rest, throwing olf their 
foliage and renewing it upon fresh shoots of the same stem every season 
and when they flower, the operation exhausts their accumulated powers, 
of development so little that they contiuue to flower periodically (every 
season if in favourable condition j lliroughout life. 

Habit of Plants. — Tln^ habit ” assumed by plants depends in some- 
degree on external ccmditions. Thus many of our garden annuals are 
perennial in their native climat.es: for exHm])le, Jliriuus (the (Jasior-oil 
plant), MirahilkyWXiii other g«‘m>ra are annual lieihs with us, but pereiiniali 
and (!ven woody in warmer climates. And some annuals may be made to. 
vegetate for more tliaii one s(uison byreimoing the llow«‘r-buds as they 
appear, as in the case of the so-called Tree-mignonnette. The WinUu'- 
coni of agriculturalists is really an aiimial plant, sown in autumn to- 
obtaiii stronger growth, and is not sp(‘citicallv diiren‘ut from Sjn’ing;- 
corn, sown in spring and n.'uped in autumn. The common (.flierry-tn ‘0 
retains its leaves during the whole year and ])econu‘s an evergreen in« 
('evlon; a.nd many similar instances of e.hang<-d liahit, the result of 
altennl condition, might bci cited, wliile for furUu r parliculars respecting 
the duration of plants the student may rcier to the sections treating 
of the Morphology of Stems. 

Few perennial plants retain tluur appendicular organs beyond certain 
definite ]>eriods. Ordinary deciduous trees lost* their l(*avt‘s in autmun in 
our climate; and previously to llieir fall tinny orga, ns undergo internal 
changes, in wliich tlie assimilated matters are, for tln^ most part, renio Mid 
and their green colour altered. They are generally (‘ast off' by a regular 
fracture where they join the stem (p. 540) ; in the Oak, J5ei‘ch, and other 
trees tliey die in autumn, but do uot fall away at oiict;, oflt'ii remaining, 
when not exposed to vitdeiit winds, until pu'*hed olf by tliti expansion of 
the stem in the next spring. Evergreen trees and shrubs retain their 
leaves green and living until the succeeding season, wlien the new leaf- 
buds expand, as in the Cherry-laurel, Auculuf, Ac. ; oi-, as in many Ckmi- 
fer/u, they remain attaclied to the stem for sevi*ral years (Araucaria 
hnhricata] Thuja, &c.). In some of these cases tlie. so-called loaves are 
probably foliaceous brancluis. The leaves of arhoriisceiit Monocotyledons 
(Palms) are also of long duration. Tin*, parts of flowers and ripe fruits 
are likewise cast off in most cases, although the fruits fiom which 
seeds have escaped sometimes remain long attached in a dead condition 

(Conifers). . 

The axis is the only permanent part of the. plant ; and the unlimited 
duration of this is strictly dependent on the tlevtdopment of h^af-buds. 
When a shoot ends in a bloss(jm-bud, the growth of that branch of the 
axis is arrested, and the prolongation of life dejxmds either on the axillary 
leaf-buds situated below or on the formation of an adve/niitiom bud. 

The production of flowers and fruit is an exhausting process ; it has 
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just been noticed that annuals mav be made to live several years by pre- 
ventin{y them from flowering. The arrest of growth of thti large and 
highly developed axes of monocarpic perennials (A<javp^ Talipot Palm, 
&c.) is a necessary consequence of the terininal bud producing blossom 
instead of leaves ; but the formation of propagative oflsots from tlie leaf- 
axils before death is strictly dependent on the degree of vigour possessed 
by the main axis at tin; time of flowering. 

The duration of herbaceous perennials may be regardf'd as unlimited, 
since they arti always placed in a position to form now absorbing organs 
(roots) in the vicinity of tlujir buds. The duration of trees is also 
theoretically unlimited ; and in many cases gi’eat ag^e is attained; but 
ordinarily tre(‘s acquire increased vigcmr with ag{^ up to a certain point, 
and then begin to decline, a eircinnstanc<‘ altributabh* to the increasinir 
distance to which the buds are removed from the roots, the obstruction 
to the flow of SH]), the local decay of tlu^ mots and trunk from external 
injuries, <fcc. Cuttings from old tr(H's, if talum from sound shoots, inuv 
he madfi the foundation of new trees as vigorous as the parents wore in 
their earlier years. 

Palm-tr(‘es grow to an age of 200 years or more ; the l)rac<pnm (Dragon- 
trees) ofTcmeriffe have bet m known as old trees for centuries. Oaks, 
Limes, ( -edars, Y(iws, (fee. are known to have liv(^d many ceutui’ies; and 
other cases are on record of gigantic trees whose age, (hnluci'd from tlu* 
number of rings of growth of tlie sttuus, would amount to upwards of 
oOOO years. The BerthoUHue oi Hrazil, the Adaiisovicp of Seiu'gal, and 
the WiilluKjtonia or Botpioia (fiffmitpa of (^ilifornia (2,().q ihet high and 2>l 
feet in diameter at the bjise) are examples of this. 

Death of the Plant. — In herbaceous jxTcnnials the older jtarts 
of the plant die and decay in a limited ])(;rio(l aft(‘r the det'olo])- 
inent of the new axes. In Dicotvledonous tnnis also the ohhu* 
])art, which is eiudosc'd l)y the now layers, and becomes consolidated 
into heart-wood, must be n'garded as dead after a C(Ttain ])eriod, 
ceasing even to carry sap mtu hanicallv : and we si^e hollow 1r(H‘S 
of this Class living and growing, where the whole of the older 
])art has been lost by d(H*ay, a living sho]] of M ood constituting the 
bond of connexion between the roots and the growing branches of 
the axis. 

This death of the older tissue is not so coitiinon in arborescent 
Monocotyledons; bnt it is observed in J*aiidanns({\^. 10), where the 
base of the stem and the old roots decay, new' (adventitious) roots 
sprouting out from the living part of the trunk in a continual ad- 
vance upwards. 

The death of a plant or part of a plant depends upon the death of the 
ctdls composing its tissues. The duration of the life of individual cells is 
very dittercnt, according to their position and function. Cells situated at 
growing-points (in buds, cambium-rtjpons, tips of roots, &c.) are very 
transitory, since during active vegetation they are continually divided, as 
parent cells, into two or more new cells, part of which are left behind as 
permanent those situated at the peripher}q or most advanced point, 
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becomings in turn the parent edls of a new g:eneration. The permanent 
cells become parts of paroncliyinatous, prosencliymatous, or vascular tis- 
sues in the veoetativo org'ans, or parts of reproductive structures in dowers 
and fruits. Thus they run throu'^h a course of life dependent in eacli 
case on the laws of development of the plant, according to which its 
organs have a shorter or longer duration. The cteaf/i of the organ or tissue 
in which they exist results from the cesssation of the vital activity of the 
cells according to these laws ; and their decay, from the now unopposed 
operation of simple chemical forces. 

Vital Phenomena. — The ])riiici})al vital phenomena exliibitod by 
plants are eoniuKdod either with the maintenances and iiuToase of 
the individual organism, or with the production of special structures 
endowed with the ])ower of growing up into new individuals when 
thrown off by the ])arent. 

AVg say tlie principal vital phenomena, hocauso there are some which 
we cannot strictly atlirm to h(doTigto either of the above classes, although 
there cau be hut litth; doubt (hat liny are in some way related; of tlu'se 
are the movements of plants like the 8ensitivo~plaiits, the folding up of 
leaves or llowers, 

Vegetation, Nutrition, — The processes of vajeuition, or growt h 
of the individual, are, from the peculiar organization of vegelafdes, 
connected with the proex^ssos of reproduction, pr()])crly so called, 
by the ])heMOiticn<)n of mnlti plication or propaijatlirn tlirongh 
natural or artificial se])aration of portions of the structure which 
might remain a/nd form brancluxs of the parent stock. This vepf'- 
tative distinct in important anatomical and physio- 

logical charaet(,Ts from sexmd rejmnlncfion, is f(.)und in all classes of 
plants, and from its importance in relation to cultivation deserves 
separatii cot isitlerat ion. 

The construction of plants from a number of like parts more or less 
physiologically ijidep«;ndent allows of their being increased by nuHjhaiiical 
subdivision of the parent stock,” which is effected by making ctiUinyx, 
&c. The same occurs in the propagation of plants by bulbs, tubers, <&(■. 

The A^egetative processes of plants are divisible into several 
beads, wliich, liowever, present many points of inUTconiKJxion. 

Nutrition, properly so called, can only be said to go on in the 
protoplasmic matters found in the interior of cells, since it is these 
substances alone that exhibit pIumonKmaof consumption and repara- 
tion. The tissues of plants are, under ordinary circumstances, 
never renewed ; the only changes which they undergo are stages 
of progressive development or growth, succeeded sooner or later 
by decomposition. 

Development or organization constitutes the most striking mani- 
festation of the vegetative action ; but this is a final result, pre- 
pared from, and incessantly accompanied by, phenomena which are 

2x2 
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results chiefly of the regulated action of physical and chemical 
forces. 

The subsidiary operations of vegetation are — absorption of food, 
diffusion or transmission of fluid through the organic structure, assi- 
milation ot' absorbed material, and, intimately connected with this, 
the processes of respiration, transpiration, and metastasis^ Secretion 
is more nearly related to development than to the processes just 
enumerated. The relations of many of the se(;retions of plants 
are very obscure. Starch, chlorophyll, fixcid oils, sugar, &c*. are of 
course intimately connected witli the vegetative growth ; but we 
have little (*lue to the importance, as regards the plant, of the 
essential oils, resins, alkaloids, &c. 

The Ver/etative Propuf/atum of planis presents special modifica- 
tions coniiect-i^d with the peculiar condilions of organization in the 
different Classes ; and tlujre are some iinj)ortant considerations 
connected with the contrasts existing between the results of this 
and of sexual reproduction. 

The Sexual liq>rodvetion of jdants offers a series of phenomena of 
mu(;h interest when viowx'd comparatively throughout the ditferent 
great Classes ; and the jdienomona of II jfhridization and the influ- 
ence of sexual reprodvu^tion in the maintenance of s])ecific characters 
require especial notiert; from the vegetable physiologist. 

As the Vegetative propagation is a process of vegetative life trenching 
on the region of reprijduction, so many of the jiheuomena accompanying 
sexual reproduction are properly sjH'cial v('getative actions induced by 
peculiar stimuli : among thesii are the phenomena of ripening of fruits and 
sporanges, the evolution of heat from flowtu’s, the irrital)lo movtuuents 
of floral organs, kc. These, and some other imclassed phenomena, wdll 
he most conveniently examined apart. In the succeeding Chapters on 
I’hysiology we shfdl examine separately: — 3, the proct^ssj^s of Vegedation ; 
“2, the'- phenomena of vegetative Propagation ; the ])hysi(dogy of sexual 
IhiproQuction ; and, 4, various uuclassed phenomena unit -witli in a more 
or less limited range of cases of vegetable life. 

Sect. 2. Cell-Life. 

Movements of the Protoplasm, &c. — Intimately couuocted with 
the early history of the protoplasm of the cell (p. 495) are cer- 
tain physiological phenomena of the contents of individual cells, 
wdiich w ill be most conveniently described here. 

During the time wdien the protoj)la8mic contents of young cells 
are becoming gradually hollowTd out into spaces filled with watery 
cell-sap (p. 494), a regular movement of this protoplasm takes 
place, which may be observed very readily in young hairs of Phane- 
rogamic plants (fig. 580), and which probably takes place in an 
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early stage in all other structures. This movement, which is erro- 
neously called rotation of the cell-sap^ is a circulatory movement of 
the protoplasm made perceptible by the minute opaque granules 
which exist in the colourless fluii The nucleus is also carried 
slowly along in this movement, which, when the protoplasm has 
become converted into a mere network of 


cords, has the appearance of a system of 
reticular currents (tig. 580). This move- 
ment of the protoplasm ceases in most cells 
before they are full-grown ; but in many 
aquatic plants, even of the class Phanero- 
gamia, the ])rotoplasin does not l)ecome 
excavated in the same way as it docs iii 
the cells of hairs <fec., but ap|)lies itself 
as a thiekish layer upon the inside of tlie 
cell- walls, and, retaining its activity, p(*r- 
forms a rotatory movcumnit around the 
wall of the cell permanently. In Ohara 
the moving layer of j)rot()plasm is not 
applied upon the cell-wall : the j)rimordia.l 
utricle, with the chlorophyll-cor])uscles 
imbedded in it, lies on the cell- wall 
motionless ; and a tliic^k mucilaginous 
layer, situated betwcHiii this and the cen- 
tral cavil y tilled with watery cell-sap, coji- 
tiniially circidates. 


Fig. 680. 



Two of a hair of the sta- 
nien of TradeHtHmtia, with 
nuolei and reticulated cur- 
rentHofprotopliiHm, Magu. 
250 diaxu. 


The circulation in rfjliculated cnrr(‘nl.s is most easily observed in ycning 
hairs of the higher plants. 'Jdie niovenient of the ])ariota] layer of proto- 
plasm is made very visible in tlie leavers of Vallimerla by the green 
chlorophyll-corpiiscides imbedded in it ; and it may 1)0 well seen in Ana- 
charis, in the delicate tissues of Jli/drochuriSf Htratiotmj lk(.\ It oc,cur8 in 
the rootlets and other parts, as well as in the loaves. The phenomenon 
is most strikingly shown in the (yharucea*, especially in the NitdlcOj which 
are simpler and hence more trans])ar(ait forms. 

This movement is only aOected by substances that injure the healthy 
condition of the structure, such as chemical agents producing bursting or 
solution of the tissue, heat suHicierit to cause coagnlatioii or solution of 
contents, kc. In Chara, the large cells may be ti(}d across, and yet the 
circulation be set up again in each of the chambers thus formed. Elec- 
trical currents do not afflict it. 


Causes of the Movements ; Action of Ligrht. — The movements in the 
protoplasm are attributed to various causes according to the nature of 
the movement, such as contraction of certain portions of it, varying 
degrees of imbibition in different portions of the mass, the alternations 
in this wise giving rise to the currents. The movements connected with 
cell-division and growth and the rotation of the protoplasm take place in 
darkness as well as in the light. In many cases it has been definitely proved 
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that the movement of the juices in which chlorophyll-^rmnules are con- 
tained is directly dependent on the a»-ency of light, especially of the more 
highly refrangible rays of the spectrum. Under the infiuence of diffused 
light the ciilorophyli-granules raiigi^ themsel ves parallel to the surface. 
At night, as well as und(5r the influence of dire(it light and of the most 
luminous and least refrangible rays, they are disposed at right angles to 
the surface, on the lateral walls of the cells. If, however, t)ie light fall 
from one side only, and the illumination be prolonged, the grains show 
a tendency to accumulate on the side of the cell most brightly illuminated, 
just as the zoospores of Alg;e do. Under unfavourable external condi- 
tions (low temperature, age, or deficient light) the chlorophyll grains are 
arranged against tlie sides of cells adjacent to others, and not on the free 
surface o-s under normal circumstances. 

Aruilogous fo the roiafimiof the protoplasm anj the movernents of 
the ('iliatrd zoospores of the Algje and of the cUiated sj)ermatozoids 
or aoiherozoids of the bigluT Cryptogam ia and the Algm. 

Zoospores are fornu'd by the content s of vogcdativo cells Ix^eoming 
isolated from the cell-wall, and individualiz(‘d into one {(Bdo(/oownt 
fig. 505), a few (dlra^ f.o(hru\ Slw), or numerous {Ohtdojdiora, 
fig. 51!^, (1, and Plia'osporem) corpusenh^s, A^dlieh lireah out from 
the ])arent sac, and wlien free are seen to be ])ro\ided with 
viliratih; cilia (ti, 4, or many), and to swim about actively for a 
period of from half an hour to S(H(‘ral hours, then to sotilo down, 
b(‘Come encysted by a ccdluloso inembraius reassumo the characters 
of ordinary A'cget.ativ(^ (adls, and grow up into new plants by cell- 
division. It has btHMi ohsiTved that those zoosj)ores with cilia at 
one (ukI direct that oxtrcmily (wliich is d(?sti1iite of cldoropliyll) 
towards the light ; and, moreover, the locomotion of those bodies is 
accompanied l)y a movimumt of rotation on ihv\r own axis. 

Sperm atozoid s filiform Imdies of various forms, mosf Jy present- 
ing one or more spiral curv(‘s, or miniile glol)ules, and usually 
furnished with vibratilc^ cilia. They are formed by a metamorphosis 
of the profoplasmic matter of c(dls devidoped for the purpose in the 
antheridia of the Cryptogamia. Ihey are f'xtremely minute, but 
move very aidi^ ely ^hen tliev escape from their paremt cells, con- 
tinuing to swim about for sonu' time, being d('stined to find their 
\^•ay to the archegonium (or to tln^ spores in Alg(c), to perform the 
fertilization of the germ-cell. Many, however, never reach this, 
and they gradually dissolve away. 

In the Volvocineju (fig. 50*3, D) the separate primordial utricles lie 
imbedded in a common envelope, witJiouta membranous cell-coat, retain- 
ing their vibratile cilia throughout life, only becoming encysted and 
formed into proper vegetable cells when converted into resting-spores. 
In the intimate affimty between those productions and the Protozoa, or 
lower Infusorial Animalcules, we perceive the close bond which exists 
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between animal and vegetable organization when reduced to its lowest 
terms. 

As long as a coll retains its active protoplasm, it is ca])able 
of ])rodncing new ccdls and organized forms of assimilated matter, 
like starch and chlorophyll, in its contents, dliis is the case, of 
course, in all nascent- tissues ; but it ceases to be so at various 
periods in dilfereiit ])arts of the A^egetable organization, lii all 
woody tissues, in all ])it-ted and spiral-libroiis C(dls, it disappears 
early, secondary deposits of the ligneous characti'T being formed 
apparently from wabu-y cell-sap. Jn herl)ac(H)us organs, sucb 
as leaves, in the c(dls of tlio (\dlular plants generally, in fact in all 
the properly living struct ures, the protoplasm remains. 

This explniiis why tlio power to form adventitious buds exists not only 
in the camhiimi-laver (h' tlie. higher ])ljints, but, under C(‘rtaiii conditions, 
(‘ven in the, loaves in lin/op/ti/lhitn^ (jtfojrmw, t^vc.), and why (jemmn- 
iitm or propagation by little cellidar bulbils, or isolated cells detached 
frtini the vegetative organs, is so eoinmon among the (hOlnlar plants, and 
in the Moss(*.s and .Li\ei‘ worts, where parenchymatous tissues so greatly 
pn'dominate. 


Nutrition in Cellular Plants^, 

The olomentary structures being (^ss(‘ntiallya-liko througbout tbe 
T(^getable Kiiigcloin, and the physiological ])h(‘nom(mji of vc-geta- 
i ion depending almost entirely upon ])r()cess(^s taking ])lace in the 
individual cells, it is very instructive to examin(‘ tin' phenomima of 
nutrition and grt>\vth in those simply organiz(;d plants in which we 
are able to observe direct ly the chang(is in tin? Jiving cells. 

]\rany cellidar aquatic plants are especially adapted for these rosearcln's, 
from their simple structure, transparency, and tlieir aquatic habit, which 
P'Tiuit us to keep them in a growing condition in glass cells heneath the 
mierosi!ope. .IJy way of illustration the hi-toiy of the Yeast-plaiit is 
subjoined. 

The Yeast-plant. — AVliat is called the “Yeast-plant” consists of a 
qmrticular form of the wj/vetium of a Fungus (tig. 587, Turida cere- 
visUe). IF is composed of simple cells, which will go on multiplying 
by budding for an iiidetiiiite time if placed in a liquid containing a mix- 
ture of saccharine or dextriuous substances, together with albuminous 
matters, at a moderately warm tenip(;rature (5tf ~t>7 ' F.), tinbbles of car- 
bonic dioxide being given off. These cells are simple im'rabranous vesi- 
cles, with their w alls formed of a modification of the compound (cellulose) 
of which all vegetable cell-membranes are formed, and mixed with which 
are very minute quantities of sulphur, phospboriifl, potassium, magne- 
sium, and calcium. W’ithin the cells exist nitrogenous matter in the 
condition of protoplasm, fatty matter, and water. The increase of the 

S lant is dependent on the assimilation of substance requisite for the pro- 
uction of new cell-membranes, and of other substances to furnish new 
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iiitrogenoiifl contents. When no material for fornjing cellulose exists, the 
plant cannot grow ; hut in solution of pure sugar in the absence of any 
nitrogenous substance, the plant will multiply its cells for a certain time, 
the protoplasm of tlie old cells being transferred into the new ones as 
they are successively evolved. But under these latter circumstances the 
cells become gmdiially smaller, and at length cease to multiply, a portion 
of the nitrogenous matter hc-ing wmted in the reproduction until it be- 
comes insullicient to c.nrry on the growth. 

On the other hand, if sullicient nitrogenous matter exists, the fermenta- 
tion goes on, accompanied by tlie production of a more developed form of 
the consisting of elongated interwoven lilaments (the so-called 

Vim^fjar-plant) ; and devdopment of this continues, if not interfered 
wdth, until the liquid consists of litth‘ else hut pure water. The linal 
form is the so-called mother ” of vinegar, which destroys the acetic 
acid. 

There is anoth«r mode in whieli the Yeast-plant is multiplied, and that is 
by endogenous segmentation of the cells, 
l^lie protoplasm divides by seguienta- 
tic >11 (tig. oiKl) into four subdivisions, 
around each of whicdi a new cell-wall is 
secreted, as subsequently explained, 
p. tisr). This m()d(U)f multiplication may 
h:> seen by placing a litt le yeast on a 
thin layer of plaster of Paris Ixmeath a 
bell-glass so as to ensure sullicient mois- 
ture. After a week or more tho new 
cells may be seen with a i- object-glass. 

In whichever way the multiplication 
is efl’ected it is clear that the materials 
for such increase must ho derived from 
without — the plant must fecxl ; and 
it has been found, expeniuentally, that it requires substances to build up 
and renew its protoplasm or nitrogenous constituent, cellulose, or fatty 
materials or carbo-hydrates, mineral matters (sulphur, »fcc.), and water. It 
is not necessary that these substances should he in the food, simply that 
the latter should contain the elements out of which they can be formed 
by the plant. For experimental purposes Pasteur’s solution * may he 
used : this consists of a solution of sugar, furnishing tho hydrocarbon, 
ammonium tartrate supplying the requisite nitrogen, potassium phos- 
phate, calcium pliosphatt^, and magnesium sulphate yielding the requisite 
mineral ingredients. Tho hreakiiig-up of these ingredients, and their 


Fig. 587. 



The* Yeast-plant ( Torvla ) ; larcf© 
form Been at the* bolloni of tno 
liquid and smaller form on the 
eurfaet* of stah; beer. 


* Pasteur’s fluid : — 

Potassium phosphate 20 parts 
Calcduiu phosphate 2 „ 

Magnesium sulphate 2 ,, 
Ammonium tartrate 100 „ 

Cane-sugar 1500 „ 

Water 8576 


10,000 
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recombination in the plants in tlie single cell, is a vital ” property, one 
not possessed by dead mutter. 

Fermentation. — Tlie succession of phenouiena exliibitcd is connected 
with a series of clieinical changes which are probably somewhat as 
follows. The whole of tlie processes are accompanied by evolution of 
carbonic dioxide. The earlier growth can go on without access of 
oxygen, as is evident from the fermentation proceeding in large vats 
with a stratum of carbonic acid several feet thick over the surface of 
the liquid ; the growth in the latter stages takes place most freely 
with access of air. The original liquid contains grape-sugar (glu- 
cose), or dextrine, and nitrogenous matters. If tlie yeast-cells be kei^t 
out from this fluid no fermentation occurs; but if yeast be added the 
]^>rotoplasmic matter of the yeast decomposes a portion of the fluid, 
forming cell-membranes. The chemical action set up disturbs the com- 
bination in the Kist of the sugar, which loses carbonic dioxide and 
becomes alcohol. If the growth of tlie I'ungus continues, the alcohol 
becomes decomposed (seemingly by c<mtari-<fctw7i again), absorbs oxygen 
from the atmosphere, and becomes acetic acid. 

It is not (dem* in most cases to what extent the Fungus is noiirisln'd 
on the alcohol, or on the saccharine or dextrinons matters mixed v\itli 
the alcohol. To form cell-inemhrano from alcohol would require the 
absorption of a large quantity of oxygen, and the formation of much 
acetic acid and water. 'Die growth oi‘ the Viiiegar-phint in solution of 
sugar, then, would appear to cause simple liberation of xvater, wliile tlio 
contact-action in like manner decomposes the sugar into ai^etic acid. The 
“ mother of vinegar ” filially is developed at the expense of acetic acid, 
with separation of water. 

The processes hero briefly described cannot he disregarded wlien wo 
inquire into the mode in which plants generally take up their food. 
Not only do the Fungi all feed in this way — us, for instance, the 
Diy-rot A^ hich lives on the dead substance of timber, or the 

parasites like l\f,cnnup^ the Potato-fungins, »fcc., wliich send tlu^ir myce- 
lium into the tissues of living plants to feed upon their juices — but the 
same laws evidently r(‘gul‘ito the nutrition of tlie colourhjss para^itt^Sy 
such as Orobauchacese (p. 325), and the Balanopliorads and allied plants 

Following out this train of reasoning, we are irresistibly led to 
the conclusion that the same process(!.s may occur in all plants 
under particular circumstances, although not absolutely necessary 
except at certain stages of growth. 

Germination. — In germination, doubtless the d(*eomposition of 
the store of starch &c., with evolution of carbonic dioxide, during 
the recommencement of cell-development, is a phenomenon essen- 
tially similar to the development of the Yeast-plant. And w^e 
cannot find any reason to suppose that the roots of plants can 
refuse to take up organic matters existing in a state of solution in 
the soil. The extent to which growth may l^e stimulated, without 
access of light, by profuse supplies of organic food, is strikingly 
illustrated by the many succulent vegetables cultivated for the table, 
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such as Sea-kale, Celery, forced early Ehubarb, &c. And the 
tissues of the plants thus grown have exactly that weak, succulent 
character which is so striking in most leafless parasitic plants and 
Eungi. 

Further applications of these facts will be dwelt on in the succeeding 
Sections, 

Assimilation of Inorganic matter. — Ey far the most striking 
phenomejia of vegetative life are those in which inorganic matters 
are assimilated, and the gaseous and liquid constituents of the 
atmosphere and soil supply tlie requisite food. 

..If all plants required organic food, the organized substance upon the 
globe must continually decrease, since, as we have just seen, those which 
do live upon organic matter wmtp this tli rough decomposition by contact- 
fwtion, lint the orgaiiic matter of soils, upon which plants grow and decay 
in successive ci’ops, undergoes contijiual increase, as we observe in tlie 
accumulation of V(‘gc1able mould on undisturbed grass plains and in forests 
where tlie debris (fallen leaves, underwood, is not removed. 

Food of Plants. — The majority of plants f(*od upon water, 
carlxmic dioxide, ainnionia, nitraUis (and perhaps other jiitrogejious 
coiiipoiinds), with small quantities of various other elements, such 
as su]])hur, pliospliorus, find the salts of liuie, potash, <feo. 8nch 
plants caji only jlourish under the inll nonce of light; and under 
this influence tliey ])roduce, f roin the above malerials, new cellulose 
Ac. and protoplasmic matter. Tlie assimilatio]! is in such eases, 
as a general rule, accompanied by tbe assumption of a green colour, 
from the forjiiaiion of (ddorojdiyll. 

Excepti(»na to the last assertion app(*ar to exist in the red, olive, and 
other pi'Cidiarly coloured Alg.-e, in which no chlorophyll is produced ; 
but we are ignorant of the proct^s.ses which go uii in the vegetation of 
these plants. 

Nutrition in Algae. — Tlie history of the changes which take place 
in the c(dl-coii tents of the green Oonfervoid Algm (figs. 512, fiFi), 
which we are able to observe to a certain extent beneath the micro- 
scope, affords some material towards the comprehension of the pro- 
cesses which have their seat in the green parts of the higher plants. 

We observe, in the elongating apical or branching cells of the Confer- 
voids, that the contents of the nascent parts (as in the upper lialf of the 
dividing-cell of (Edogonimn &c.) are chiefly composed of colourless pro- 
toplasm, with watciy cell-sap. Under the influence of light, green 
clilorophyll-coiqmsclos become more and more abundant ; and, under 
favourable circumstances of light &c. (accompanied by liberation of 
oxygen gas), the chloropliyll-corpuscles soon present starch -granules in 
the interior, which inultijly and increase considerably in size. This 
formation of starch occurs chiefly after the cell has attained its full 
growth, and may be regarded as" a continuation of . the process which 
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produced "tlie cellulose of the cell-wall, now no longer required for 
the purposes of the individual cell, the contents of which, however, 
proceed with their assimilative action. After a time the cell prepares for 
propagation, or reproduction. Then the starch-granules disappear, 
apparently by solution, into dextrinous or analogous matter requisite 
fur the development of new cell-membrane, which soon takes place, 
either in cell-division (p. 451 ), or, if the primordial utricle is dis- 
clmrged from the parent cell in tlie form of zoospores (p. 451 ), in the 
furination of the cell-membranes of these bodies after they have come to 
rest. 

Where resting-spores are to be hirmed, difierent changes ensue after 
the solution of the accumulated starch. The new cell, intended to remain 
in a quiescent condition, becomes coated by a cellulose membrane, orofbm 
two distinct concentric coais ; and, at the same time, that portion of the 
contents consisting of dextrinous or analogous matter which has not been 
(!onsumed in forming cell-membrane becomes converted mio fired oil^ tlie 
green colour disappears, and the contents assume a red or brown colour, 
and external stimuli (liglit, produce no iiifiiienct^. Wlien these 

bodies germinate (which usually only occurs after tlu'y have been driinl 
up and a,re again phic.ed in waier),the chlorophyll gradually reappears 
and the oil vanishes, and the entire ctjurse is run through ngniii. 

Transfer of Stored Nutriment — Metastasis. — (comparing tJx'SC jilicnoniena 
with what we observe^ in the higher plants, we notice lln*- similafily as i‘e- 
gards the production of chlorophyll in the leaves, followed by the appearance 
of starch -granules, as a i\inn of aeem/m/rdrd nutriment, lint the I unctions 
being more localized as the organization is more com])li(*aUHl, the starch 
tlius fornuid is subsequently dissolved, and is caiTied away to th(> growing 
tissues of the plant, to the buds, camhium-region, and roots, w'h(*re it is 
laid u}) in aiitiinm, very often in this same form, but not iinfrequmitly in 
tlu^ condition of fixed oil, as in tlui rbizoim's of ()/permj of Ijuslraa 
FiUx-maK, &c., and, above all, in structui'es wliicli, ]ik(i the, resfinf/^sporefi 
above mentioned, are to remain quiescent wldle ('X]>osed to considerable 
diversity of external conditions, iiaimdy in seeds, as in the cotyledons of 
(h'ucifene, Almonds, Nuts, AValimts, «fec., or in the ])eris})(‘rm of Poppies, 
Euph orbiaetj f e , »>v:, c . 

The oil (or starch in other cases) stored up in the se(,'ds and rhizonjes 
by metfufrms undergoes decomposiTion and solution in giirmination, to 
supply material for the cell-memt>raries of the nascent plant until the roots 
have become sufficiently developed to provide for it. 

Wo have at present no very satisfacToiy evidence of the kind here 
brought forward to indicate the mode in which the nitrogenous matters, 
necessary for the formation of n(*w* protoplasm, are taken up. The ques- 
tion of the assimilation of nitrogemous matters will be considered in the 
following section, on the Food of l^lants. 


Sect. 3. Food of Plants. 

Constituents of Plants. — The first step in the investigation of 
this 8ubje(;t is to ascertain what substances enter into the compo- 
sition of vegetable structures and juices. 
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Analyses of plants by chemical means, and in some instances by 
the spectrum, have demonstrated the existence of the following che- 
mical elements in plants : — Oxygen (O), Hydrogen (11), Carbon 
(C), Nitrogen (N), Chlorine (Cl), Bromine (Br), Iodine (I), Fluorine 
(F), Sulphur (B), Phosphorus (P), Silicon (Si), Potassium (K), 
Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganiuiu (Mn), Iron (Fe), Zinc (Zn), Copper (Cu), Lead (Pb), 
Titanium (Ti), Arsenic (As), Lithium (Li), Eubidium (Eb), CsBsium 
(Csc), Strontium (Sr), and Barium (Ba). 

All of these, however, do not exist in every vegetable substance; the 
first four are universally ])res(‘nt, while a perft;(;tly healthy condition can- 
not be assured unless sulphur, potassium, calcium, magnesium, iron, and 
phosphorus are also jiresent at some time or other. Some of th(\se substances 
are dissipated by bui ning, others remain after hurning and constitute the 
ash ; such ar(i the eartliy alkalies and metallic substances. The propor- 
tion of ash ingredients is aht)ut 8-0 per C(mt. of dry matter, i. c. matters 
dried till they cease to lose weight at a temperature of 100° 0. 

Proportionate Quantities of the Constituents. — These elements 
art} not tak(}n uj) by plaids in a simple form. ; and none of them 
exist as such in vegtdable substa.Ji(*es. The comjxninds of the 
diftVront ehmients dilT(*r much in the proportion in which they 
exist. AVater (JIO or llj)) may form 90 to 95 per cent. Of the 
dry subsiance, compounds of carbon, bydrogen, and oxygen (C, II, 
O) may form 00 pt^r cent.; the carbon furnisbing about 50 jier 
cent., the oxygen about 80 ])er cent., Ihe hydrogen about 5 p(}r 
cent,, the nitrogen i-4 per cent. ; the alkalies, earths, and metallic 
oxides commonly form 1 to 4 per cent., in rare cases as much as 
20 per cent. 

The great mass (.)f all plants is composed of the first four eloments in 
Iho list — the solid parts of compounds of carbon, hydrogt'ii, and oxygen ; 
the protopl«amic ctdl-c^onteiits of compounds of these three elements, 
with the addition of nitrogen. Sulphur and pliosphoriis appear to be 
necessary constituents also in the ]}rotophisnnc compounds ; the alkalies 
and earths are, in most cases, requisite iu the processes of ehiboratiou, 
hut may, in many cases, be substituted for one another, and perhaps in 
certain cases may be replaced by ammonia. Ikitash is an indispensable 
element in plant-growth — its presence being essential in the formation of 
starcli from chlorophyll. Chlorine is necessary in many plants : iodine 
and bromine are also met with, particularly in marine plants ; but it is 
not clear whether their presence is necessary, or merely an inevitable 
result of the absorption of sea-water. Iron and manganese are met with 
very commonly, iron being essential to the formation of chlorophyll, and 
therefore of the utmost consequence to plant-growth ; copper and zinc 
more rarely; silica abounds in certain Orders (Grasses, Equisetaceae), and 
is met with in many plants in smaller proportions. The most necessary 
ingi'edients for the due nutrition of the plant are, in various proportions 
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according to circumstances, a nitrate or an ammonia salt, a salt of potash, 
soda, lime, magnesia, and iron, while lime is necessary in the formation 
of the cell-wall. These substances appear to act as ferments : for instance, 
lime is stated to etiect the conversion of cane-sugar into cellulose, and 
to be influential in the transport of starchy materials in a soluble form. 

Sources of Nutriment. — We have stated that (green) plants in 
general acquire their nitrogenous food by their roots (from the 
nitrates of the soil), and their carbonaceous food by tlieir leaves. 
The sources of the food are Iherefore the soil and atmosphere in 
which plants grow; and the inquiry ])resents itself at ojiee as to the 
form ill which the food is sup])lied to and taken up by plants. 

How Plants get their Food. — On the one hand, we know that 
plants can absorb substances only in a liipiid or gaseous form ; on 
the other, we know that both the atmosphere ami the soil contain 
carbonic dioxide, water, and various nitrogenous compounds 
soluble in the latter. The alkalies, earths, exist only in the soil, 
and in more or less abunclanee and in more or less soluble forms 
in diffenmt easels. 

Observation teaches us that the simpler ])lants, such as tJie 
Palmellege, Lichens, many Mosses, <tc., can gi-ow u])()n barc^ rocks 
or stones, and obtain their carbon, liydrogmi, oxygen, and nitrogen 
from the atmosphere alone ; and ox])(M'iment shows that tlujse are 
supplied in the form of carbonic dioxide, water, ami ammonia; llio 
substratum here sup])]ies only the small proportion ol: mineral 
substance that is required. Mon^over it is ]>ossil)]e to grow a 
])laiit to maturity, and even to make it ripen its sec'd, in distilled 
xvater containing in solution only the ash-elemeuls of aquatic 
plants, sucli as Ckmfervas, &c. KSimilar growth may lx? ol^tained 
by growing a plant in a watery solution of thf^ m^cessary mineral 
ingredients of the plants, together w'ith a nitrate or an airntjonia 
salt, the excess of carbon in these cases being derived from lh(} air. 
[Numerous and important results have Ixurn obtained ])y growing 
plants in experimental solutions of this kijid — imter culture ; and 
by their aid, as well as by Held trials, it has become ])ossib]e to 
compound artificial manures adapted to the requirements of parti- 
cular plants- 

Further, it is observed that, if a vegetation of this kind goes 
on undisturbed for a lengthened period, the decay of successive 
generations of plants leads to the accumulation of organic substance, 
in vegetable mould, the material of which 1ms been derived from 
the atmosphere by the plants, but has not been consumed, ^. e, 
decomposed into its original forms of carbonic dioxide &c., by them 
and their successors. 

From these facts it has been concluded, in the first place, and 
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truly, that green plants have the power of feeding upon inorganic 
substances, and fixing them in definite organic compounds: 
secondly, but with less justice, that this is the universal law of 
vegetable nutrition — that plants live exclusively on inorganic sub- 
stances, which they convert into organic matters unfit for their 
own use, and only assimihible after a new decomposition. In 
regard to certain plants this last assortioji is a1tog(^t}i(^r inadmis- 
sible, namely the Fungi, tlu^ so-called insectivorous plants such as 
Droiiera^ &c. (in which animal substances are dissolved, absorbed, 
and approjn'iated by tlie aciicm of a ferment), and, above all, the 
colourless pai-asitos ; and not ofily is it contradicted by the phe- 
nomena of 1 heir life, but it is o])posed to the universal experience 
derived from o])S(n'vation of the cultivation of plants. Lastly, we 
know of no cause why plants should ref me to absorb organic 
Hubstau<‘es ])res(Mif.ed to them in a stab^ of solution favourable to 
endosmotic action in the roots. 

It ia very true that many ovtrn of the higher plants will grow upon soil 
almost destitute of organic matters, as we see on sandy heaths &(;. ; but 
the kind of vegcitatiou which characterizes such soils is very different 
from that which clotlu's land covered with vegetabh* mould. And the 
influence of manures in agriculture must be attributed in a great mt^asure 
to the extensive aid afforded to tlie plant in tlie shape of additional sup- 
plies of organic matters, which bear a kind of compound interest, since 
the incrensed growth they produce gives increased power of iudepeudeut 
assimilati ve acti on . 

S])oniaiuK)US veg(‘tation is nourished ])riuei pally by carbonic 
dioxide and ammonia Jihvays existing in suflici(iut proportions in 
the atmosphere. The former substance is taken up by the loaves, 
and the latter is also absorbed by the aerial organs of plants ; but 
the x)rincipal sup])ly to the liigher plants seems to bo furnished 
through the soil, which receive.s ammonia dissolved in rain and 
dew, and, where porous, absorbs it greedily. Soil, and especially 
the carbonaceous portions, has also the power of absorbing 
ammonia from the atmosphere. 

Plants growing upon soil abounding in decaying vegetable and 
animal matters are doubtless supplied with part of tluir food from 
these sources. Ammonia is a constant product of decomposition 
of animal substance, carbonic dioxide of this and vegetable matter. 
But from the researches of Mulder it would appear probable 
that the old vegetable matters may pass into the living plants 
w'ithout undergoing ilfecomposition into carbonic dioxide and water. 
The black decaying matter of vegetable origin, called liumus^ is 
decomposed in the soil into a series of organic acids, of which 
the last members possess much atlinity for ammonia, and form both 
with it and the alkalies soluble salts, which may be absorbed as 
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such by the roots. In favour of such a view is the fact that 
carbonate of ammonia, or amnionic carbonat-e (decomposable by 
crenic and ajiocrenic acids), appears in many (*ases hurtful when 
applied directly to the roots of plants. In addition to the ten- 
dency of these organic aiuds to attract ammonia, they seem to be 
capable even of causing its production in the soil, since in th<^ 
progressive oxidation of humus taking jilace at the expense of 
water (H./)), the hydrogen of the latter possibly combines in 
its nascent state with the nitrogen of the atmosphere to form 
ammonia. 

It has been common in rreent works to find the value of linmous or 
carbonaceous matters in the soil estiinateil very low ; they have been 
regarded either as mer(?ly improving the (plivsically) absorbent power of 
soil, or as sources of carbonic dioxide, already sullieieiitly pi’ovided by 
the atmosphere. IJiit the above observations, b(>rne out by the exp(U'i- 
meuts in Turnip-growing' hy I^awes and tJilbe.rt, are in favour of a liiglun’ 
estimate of the value of decaying carbonaceous matters, and oi* regarding 
them as important constituents of farmyard luanun'S for c(‘rtaiii purposes. 
Lawes and Oillan't found that sl im ulatinp: nitrogenous manures in excess 
were rather delrimentai to the growth of turnips, hiaf-formation going 
on at the expense of the roots ; but ibis was counbiracted in a great 
measure by supplying, with the nitrogiuious manures, carbonaccaiiis sub- 
stances in considerable proportion, (kn’cniwiiulcr, bowi'ver, states that 
the roots (‘xbahi carbonic dioxid(‘ and do not absorb it excerpt in very 
minute quantities. 

Sources of Nitrogen. — It was onco sujijiosod that ih(‘ro was a 
power in living ])lants to lix fre(5 lulrogtMj from atmospheric air ; 
but this is conclusively negatived liy Ihe ex])(;rimcuts of Jlous- 
singaiilt, Lawes and Gilbert, Jhigh, and others. That ammonia 
is not absolutely necessary for the food of ]>lants is indicated by 
th(5 effect of nitrates as manures, rivalling that of salts of ammonia. 
Moreover it has been stated lliat ozone (a peculiar condition of 
oxygen) converts ammonia into nitrous aiad ; and there is n^ason 
to’ suppose that the ozone condition of oxygen is produced in 
certain cases in the liberation of that element by plants. Sehldsing 
states that the ammonia supplied to the soil becomes (if light be 
excluded) converted in the soil into nitrates by the agency of a 
vegetable organism acting as a ferment. 

The amount of nitrogen supplied to the soil by rain is iiisulHcient 
to account for the amount found in plants; but this quantity is sup- 
plemented by the direct absorption ot ammonia by the leaves, as well 
as from the "soil. Deherain supposes that decaying vegetable matter 
has the power of prodacirig- ammonia from the free nitrogen of the air; 
but his experiments have not been confirmed. Schlbsing confirms tlie 
experiments of Sachs and Meyer as to the absorption by the leaves, 
and also by the soil, of gaseous ammonia, and corroborates the statements 
that the free nitrogen of the air is not available for plants except to the 
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small extent in -which, by thunder-storms and electrical disturbances, it 
is converted into nitrous acid, which latter becoming oxidized, becomes 
carried down to the soil as amnionic nitrate. 

A large proportion of nitrate is lost by drainage, and ultimately finds 
its way into the sea, where it serves to nourisli the marine plants, 
whicli in their turn feed the animals. These latter, in decaying, yield 
aininonia, tlie excess of which is volatilized into the air, which is "thus 
continually supplied with ammonia, aud diffused over the surface of 
tlie globe. According to Schlosing, the t)ceaii is the great source of com- 
bined nitrogen, ammonia forming the means by which it is conveyed to 
every part of the gh)be, supplying the requirements of the vegetahlo 
world, liertlu^lot coiisidta’s that the nitrogou may he acquired from the 
atmosphere by ehictiic; action. 

CarnlvorouB Plants. — One occasional source of nitrogen remains to 
he spoken of, for though, acc(»rding to our present knowledge, exceptional, 
it SI Minis probahle that it is immi gemiral than it is at present provi^d to he. 
For many years it had been known that some plants, such as Pitcher- 
phmts ( Nrpenthc}^), Sun-dew {Drmvnt), Venus Fly-trap {Dioncm), acted 
as tly-tra]js, retaining insects which aliglited on them, but it was hardly 
supposed tliat tluise insiicts contri butt'd to the nutrition of the jilant. 
TIui experimtmts of Hooker, I jarwiu, Tait, Vint's, and others have, how- 
ever, conclusivtily sliown that insects and various animal matters are: — 
1 , retained by viscid (‘xudation, or, as in Dronera and Dmicca, by move- 
ments of the leaf-lohes analogous to acts of prehension in animals; 2, 
dissolvtid ; it, absorbed ; and 4, apprtjpviated to the requirements of the 
plant. Tlie slmpe of the Pitclier-plants 
(Ni’perdheA^ Sari'acenittf &.c.) is evi- 
dently adapted to retain inst'cts which 
may he atlxacted on or fall intt) thtmi 
by accident ; and their conformation is 
such as to prevent their exit, while their 
intimate structure is such as to facili- 
tate dissolution and absorption. The 
l()l)(*s of the leaf of JMtsera are 
endued with sonsitivoiu'ss, so that -when 
an insect, or a piece of meat or albu- 
men, and, still more, a fragment of 
ammonia salt, conies in contact with the 
leaf, the lobes in question instantly 
begin to fold over and imprison the 
intruding substance (tig. 588), which 
gradually disappears, some or the whoh^ 
of it being absorbed — a process at- 
tended by retraction of the protoplasm 
fi'om the walls of the cell in the shape 
of a ball (see tig. 590). It w'as furtluir 
Phown by lUess aild Wills that the w„f 7 M,vr..eI.ovriaRthoBlandnlar 
BOlutlon of these nitrogenous matters hairs on one half infolded over an insect. 

is dependent on the prc.sence of a substance which acts like a ferment, 
and in the absence of which digestion does not take place. Gorup, 
Besanez, and Vines have showm that this ferment closely resembles that 
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of the peptic glands of animals, and is only efficient when associated 
■with an acid ; so that the solution of nitrogenous matters by the leaves, 
pitchers, and other organs of certain plants is now shown to be a true 
digestive process, resembling in every particular the corresponding pro- 
cess in the intestinal canal of animals. 

Ammonia salts have also been found to be rapidly absorbed, and to 
excite the sensitiveness of the plants to an extraordinary extent : still the 
actual benefit to the plant seemed doubtful ; for to ordinajy observation 
these so-called carnivorous plants a})pear to thrive quite as well without 



Fig. TiSj). of jx'tal of JJf‘Ueh(Mru ft jirlor to api)li<^ati<>n of nuiat. 

Fig. •'■'‘JO. CtdJs of petals of JlallehuruH after ilu; applicatiou of meat. 

as with nitrogenous diet. To settle this point, Mr. Francis Darwin 
experimented on a large number of plants of DroHt'ra grown undtT like 
couditions, half of tliem fed, the otlier not receiving artificial su})plieM. 
The general rtjsult, given in the following Ta))]e, .sliows the- great lamefit 
derived by the fed plants, espetnally in the formation of steeds : — 

Hemlts of on Drosera. 


Total weight of plants, excluding flower-stems. . . . lUO 122 

Total number of flower-stems KX) Dio 

Sum of heights of fiower-stems 100 DiO 

Total weight of flower-stems 100 2*12 

Total number of capsules 100 104 

Average number of seeds per capsule 100 12fl 

Total weight of seeds 100 242 

Total number of seeds 100 380 


Sources of Mineral Food. — For their inineral food, plants are 
of course chiefly dependent on the soil in which they grow. The 
gradual decomposition of rocks furnishes the earthy and alkaline 
constituents, which must vary on different formations or according 
to diluvial actions. Marine plants naturally accumulate many of 

2 o 
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the mineral elements of sea-water ; and plants growing near the 
sea derive a certain amount of the salts of sea-water from the 
atmosphere, brought by the winds ; the salt spray is shown to be 
carried great distances by its being injurious and destructive to 
many kinds of plants growing exposed to sea-winds. 

Sect. 4. Ansoi 

Since the lower plants consist of closed cells, in the interior of 
which their vitalized substance resides, and the membrane of their 
cells, so far as our inv(‘stigations can reach, is, in gencu’al, desti- 
tute of orifices, the food of these ])lants can only lx> taken up in 
a li(|iiid or gaseous condition by the still mysterious process of 
imbibition. 

In plants of more complex organi/ation, although loose parenchymatous 
tissues exist, arid tlui int(M*s])ac«‘s heeoim* concerned in at least serrvtioii, 
tlu' external snrhict} of tli«' ])lnnt, hy whicli food must penetrate, is care- 
fully guarded by a continuous o])idermi8, euitinly devoid of orifices in the 
roots, the piiiicipal absorbing organs ; and tliongb perforated ))y stoinatal 
orifieos in the leaves and otlu*r aerial organs, tlieso are carefully guarded 
h}^ special contrivances to prevent the ejitrance of solid matt('r, and in all 
cases lead mortily to interccUular passages, external to the membranes of 
the vegetable cells. 

Absorption in Cellular Plants. — In the Fungi and Alga> ab- 
sorption appears to take ]>lace fn'ely at all points of the thallus to 
which gases and liquids have access. The structure of Mosses, 
Hepaticia', and the smaller members of the higher groups of Cryp- 
togams are likewise so simply cellular that they appear to be little 
dependent ou root-structures. 

Absorption in Vascular Plants. — In th(‘ higher Cryptogamia 
and the Jdianerogamia the absorption of liquids appears to be 
confined to tin? roots and i]m root-hairs, the epidermis of the 
leaves <fcc. being in gt’iicral so organized as to oppose the entrance 
of water, whilt^ the stoinatal cells which guard its orifices, sw'elling 
up so as to close the slit htdween them when filled with fluid, 
coucur to ])revent the absorption of wuiter or other liquid. Cfases, 
how ever, penetrate freely through most cell-memhraues, and hence 
may be absorbed by leaves, and can pass freely through the stomata 
into the intercellular passages. 

Osmosis. — The physical phenomena of diffumon and oamose are the most 
important agents in the acquisition, hy the cell-contents, of material from 
without. These phenomena deptmd, first, on adhesion of the liquid to 
the solid, and then on any circumstances which cause movements in the 
molecules of the liquid, such as the attraction one for the other of two 
fluids of difierent natures and densities. 

We may say, in general ti^rms, that when two liquids of difierent den- 
sities (the one colloidal j" or little dififusible, the other ctystalioidy^ or 
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greatly diffusible) are separated by a membrane or other porons substance, 
the denser liquid becomes increased in bulk by the passage of the thinner 
liquid into it through the membrane. This rule is indeed subject to 
modiheationa, dependent upon other qualities besides density of the 
liquids, such as their molecular relations to the substance of the separating 
membrane, the molecular nature of the membrane itself, &c., since, of two 
different liquids, that which is more readily imbibed by the membrane 
paaa(>s through in a preponderating current. 

When we place simple vegetable cells with ffoxible cell-membranes, 
such as many pollen-grains, yeast-globules, &c., in water, their dense 
cell-contents absorb water and the cell-wall expands, sonu^timos even 
bursts. On the other hand, placed in strong solutions of sugar or gum, 
such cells will lose part of their couttmts and shrink. Jhit these simple 
experiments are not .siillicieiit to indicate what takes place in the cells of 
tissues filled with living protoplasmic matters ; for very frequently, when 
we place such cells in liij^uids diffi^riiig in density from tlieir contents, there 
ensue successivts clumges of condition, which must also be involved in 
many natund processes. Tims if we place in waf er a fragnumt of cellular 
tissue from the region wdiere pt>lleu-grain8 are being developed in the 
anther, or spores in sporanges, water is absorbed through the cellulose 
coat, but the primordial utricle contracts; but wlum the water pene- 
trates the lattt‘r, it swells again and sometimes (expands beyond its 
oi’iginal volume, bursting the cell-raembrano when this is weak. 

'fhe presence of a membranous or porous septum is not essential to 
such a proc(*ss of filtration and admixture as above described. Two liquids 
of different densities placed in contact will gradually mix by the attrac- 
tive force that the one (ixerts on the otlior. dliis Uijuid dipmirn depiujds 
materially in amount on the nature of the liquids — colloid or crystalloid, 
as the case may be. 

Selecting power. — l^bo recognition of evdomof^e as the cause of 
the absorption of liquids by the young roots and root-hairs affords 
some explanation of the apparently contradictory ])h(moineua which 
have been described by those who have expcu’iniented with a view 
to ascertain whether plants have any sdecluir/ power. It has been 
shown that there exist some very complex circumstances of purely 
physical nature in endosmotic processes, and that simple density of 
liquids is by no means the only im])ortant point — alkaline, acid, or 
neutral conditions of mineral salts causing special peculiarities, 
dependent on chemical and molecular relations to the membrane or 
porous interposed substance, and in other cases on chemical actions 
taking place on one or the other side of the membrane. One of 
the most interesting and suggestive e.xperiments bearing on this 
subject is that of Knop, who shows that the more chlorine absorbed 
by a plant the less lime is taken up. 

Some writers assert that the roots of plants absorb all substances in- 
differently ; and the experiments of Vogel and others appear to bear this 
out. But, not to mention that the a^^hos of different plants grown in the 
same soil have diilerent composition, Triuchinetti has shown that diderent 
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salts are absorbed in different proportions from mixed solutions ; and in 
l)e Saussure's experiments living roots absorbed differently from diseased 
or dead ones. Similar inferences may be drawn from the effects of 
manures: thus Cereals are specially benefited by nitrogenous manures, 
Leguminous plants by mineral manures ; and yet the ash-analysis of the 
former shows that they contain a less percentage of nitrogenous matters 
than do the Legurainosjo. Wheat crops and grasses generally, according 
to the experiments of Lawes and (lilhert, supply themselves with diffi- 
culty with nitrogen, while Clover and other Leguminosae take it up 
freely. 

Such phenomena as these, however, may be explicable on purely phy- 
sical principles. It has been proved that different chemical salts exhibit 
unlike quantitative plMUiomeiia in passing through dead endosmotic sub- 
stances ; and thus even from mixed fluids one salt might pass more readily 
into a cell than another ; and, still more, the immediate decomposition of 
one salt alone-, nimle the membrane, -while the other was not affected, 
whi(*li might take place in a living cell, would greatly aifect the endos- 
mos(*, since th(‘ cell -contents -would soon be saturated -with the latter, 
while the other would not accumulate. According to Knop, the roots 
will absorb fn)m solutions of nutritive salts an amount proportionate to 
the degree of conceiiiration of the solution : thus the stronger the 8olu- 
1 ion the more dilute the liquid ahaorbi‘d by the root j on the other hand, 
if the solution he less concentrated, the root-v\dll take up a relatively larger 
quantity of water than of the salt. In regard to l)e Saussure’s experi- 
ments ( which are home out by what wo 8(‘e beneath the microscope when 
we apjdy reagents, such as iodine, to healthy or decaying tissues), there is 
no nec(}ssity to have recourse to a vital agency of * selection, since the 
chemical activity of the cell-contents, quite dillerent in a living and in a 
dead organism, might account for all the diversities, even if the difference 
could not he explained by a physical difference of tension in the living 
cell-memhrune and that of a dead organ, in which a process of decay im- 
mediately commences if it is expt)sed to the action oi water. 

It has recently been shown that porous vessels placed in mixed solu- 
tions select, just as plants do under similar circiunstances ; and those 
solutions which pass most freely tlirough the walls of cells are those which 
always pass most freely through the sides of the porous vessels. Those 
cases* in which the same amount of any given substance is capable of being 
absorbed by plants which have nevertheless different chemical composi- 
tion, may also he explained by the different osmotic powers possessed by 
the cells of different plants. Thus, supposing the root-cells of a Cereal 
plant and those of a Leguminous plant to take up the same amount of 
silica from the soil, the quantity of that ingredient would epeedily he 
found to he greater in the Cereal than in the Leguminous plant, because 
the cells of the former can appropriate silica, and by osmosis store it up 
in the epidermal tissues, while the cells of the latter, having different 
osmotic ridalions to silica, soon become saturated and can take up no 
more. On the same principle we see cells in juxtaposition containing 
very different ingredients, which yet do not mix because the conditions 
for endosmosis are in some way or other not favourable. 

Influence of Evaporation. — Schlosing says that the power of absorbing 
mineral ingredients from the soil is diminished by limiting the process 
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of evaporation, as when plants are prrown under a bell-glass, llauwen- 
holF also states that absorption exceeds transpiration in amount in propor- 
tion as the pressure is greater, and where the latter is slight evaporation 
is in excess. 

Boot-action. — It has been shown that absorption of fluids takes 
place near the extremities of the finest rootlets above the inert root- 
cap, and by means of the root-hairs. But the water in the soil is 
often nearly pure water, or, at least, contains little admixture of 
mineral matter, though more or less impregnated with gases. 
Again, many of the ingredients of the soil, such as silica for in- 
stance, are insoluble in pure water. How then do these substances 
gain access, as we know they do, to the interior of the plant? Tht>y 
must be derived from without and in a liquid form. The explana- 
tion now given is, that the minute rootlets and root-hairs insinuate 
themselves between the particles of soil, absorb the Mater there 
situated with its minute ])roportioii of dissolved mineral matter, 
further, these root-hairs come into close contact with the minute 
particles of soil, and, by virtue of some processes of excretion not 
yet thoroughly examined, they excretes a substance, gaseous or liquid, 
Mhich efl'ects the solution of the mineral substance in the particle 
of soil. An exhalation of carbonic dioxide from the roots, con- 
joined with the water in the soil, M'ould elfect the solution of lime, 
for instance. In this way the furrows aud impressions on the sur- 
face of marble made by roots is explained. The opinion that root 
excretions exist, at one time denied, may thus be correct ; but as 
they appear to only excreted when required, and are used up iu 
the process of solution, their presence iu the soil is not manifested 
any more than that of the gastric juice in an empty stomacli. 

Absorption by Leaves. — The leaves and other green part-s of the 
higher plants do not appear, as a rule, to absorb liquids all the 
time the roots are in action, but if root-absorption be insufficient 
then absorption by the leaves takes })lace. The good effect of 
syringing plants iu hothouses seems rather to depend on the check 
given to undue evaporat ioTi than to absorption, the stru(;ture of the 
epidermis being generally unfavourabhi for that process. Whether 
leaves absorb even watery vapour to any great extent is question- 
able ; but it is certain that they absorb gases, iucluding ammonia, 
though, under ordinary circumstances, only in very small quantities 
(Mayer), and that a very large proportion of the carbon which is 
consumed by green plants is taken into the system, in the form of 
carbonic dioxide gas, by the leaves and green shoots. 

The entrance of gases into the cells is attributable, through their 
solubility in M^aier, to endosraotic action ; while the laws of diffusion 
of gases provide for their entrance into the intercellular passages, 
which brings them into contact with the deeper-seated cells. 
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Sect. 5. Diffusion of Fluids in Plants. 

Diffasion in Aquatic and Cellular Plants. — In aquatic plants 
the entire surface is employed in absorption ; and the liberation 
of gases in the respiratory or other processes being accompanied 
by condensation of the cell-contents, enuLomiotic action is kept up 
constantly during active vegetation. 

In the Cellular plants, such as Lichens, Fungi, and even in 
Mosses and Hepaticj©, the diffusion of the fluids would appear to 
be a result of simple endosmotic action continued from cell to cell 
in more or less complex scries ; and in plants growing in air, 
evaporation of gas(>s incrcfises the density of the contents of the 
last or uppermost cells of the chain. 

Diffasion in Vascular Plants. — In plants with well-developed 
stems and roots, the liquid nutriment is absorbed by the latter, 
and the movements which the absorbed fluids have to make are 
much more complex, not only from the greater variety of forms of 
tissue through w hich they have to pass, but from the multi})lied 
details of the interchanges with elaborated matters arising from 
the scattered distribution of the leaves over the axis. 

Ascent of the Sap. — As so large a(|uantity of water is absorbed 
by the roots from below, it is clear that the diffusion of that fluid 
(or as it is now called) must in the first instance be in an 
upward dire(;tion ; hence the phrase ascent of the sap. The main 
current of the w atery sap, is upw'ards from the root, through the 
stem and branches, to the leases, wherein, owing to the changes 
it there undergoes and which will be hereafter alluded to, its cha- 
racter becomes altered and the direction of its current is varied 
according to the requirements of different parts of the plant, &c. 

The term sap is retained for convenience’ sahe ; but it must he remem- 
bered that there is no homogeneous fluid, either ascending or descending, 
crude or elaborated, of similar constitution in all parts of the plant, cor- 
responding to the blood of animals. The sap varies in constitution in 
different parts of the same plant at the same time. In like manner there 
is no continuous system of tubes in which sap could ‘‘circulate.” In 
spring, when vegetation is most active, or, at other times, when special 
circumstances favour growth in particular places, a current of watery sap, 
containing relatively little of the matttirs formed in consequence of leal- 
action, is specially manifest ; and as the ends of the shoots and buds are at 
this periocf centres of activity, so the flow is mainly an upward one. In 
autumn, wlien consolidation of tissues and storage of nutritive matters are 
the chief operations of tlie plant, there is an increased necessity for the 
presence of matters formed in consequence of leaf-action, and the flow is 
to a large extent a do^mward one. But there is no absolute difference 
between crude and elaborated saps, and no absolutely fixed course for 
them to take. The ascending sap, so called, which is so manifest in 
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spring, consists principally of water pumped up from the roots to supply 
the requirements of the gi'owing cells, and the excess of it is evaporated 
when the leaves expand ; hut though mainly watery, it contains some 
mineral matters, and also some ingredients which must be derived from 
the action of the leaves of the preceding season. 

The upward direction of the watery sap^ therefore, and still more the 
downward current of the elaborated sap, must be understood in a general 
sense as indicating the prevailing direction of the currents. A more 
strictly correct expression would be to say that the sap, including all the 
liquid nutritive juices of the plant, moves in the direction in which cir- 
cumstances are most favourable to its dow, and to those spots where the 
sap is most needed for the nutritive processes of the plant, or for puiposes 
of storage, as will bo more fully explained in succeeding paragTijphs. 

Causes of Ascent. — The causes producing the ascent of the sap 
are manifold. They vary not only in their nature, but, at different 
times, ill diifereiit parts of the same plant and under varying cir- 
cumstances. Tlio^y act also separately or in con junction. We will 
first of all allude to the inducing causes separately, and then indi- 
cate how, when, and where they act. Eiidosmotic aciioa consequent 
on the absor])tion of 11 aids by the root is on all hands admitted to 
play the principal share in the diffusion of Iluids throughout the 
plant. Vapillary action and Jhifylbltion facilitate the upward pas- 
sage in or between the iibro- vascular tissues, rresstire^ whether 
exei’ted by tlie tension of the ct*!l- walls upon ibeir coiitents, and 
itself consequent on eiidosmosis, or as the result of increased tem- 
])erature, which ex])aiids the air in the stem, forces the Iluids to 
move in the direction of least resistance. oscillations produced 
by the swaying of the braiicbi^s, ]>etioles, Ac. by the wind also 
occasion iidennittent pressure, t-o which Mr. ilerbert iSpencer 
attributes an upward thrust of the sap towards the i)oint of least 
obstruction. 

The profuse evaporation or trampiration of watery vapour from 
the leaves is a powerful agent in producing an upw ard How of fluid 
to replace that which is lost in the jnaniK;r indicated. The extra-- 
vasation or exudation of sap consequent on the mechanical strains 
effected by the wdnd also give rise to a current of sa]) from below. 
Chemical actions, such as the transformation of starch into sugar 
&c., necessitate a supply of water and create osmotic currents of 
that fluid. 

Force of upward current. — The roots take an important share in pro- 
moting the upward flow of the spring sap. If, in spring, we notice the 
surface of stumps of timber-trees which have been sawm off in the pre- 
ceding autumn, we tind the cut surfaces wet with abundant exudation 
from the outer layers of the w’-ood ; and experiments made upon the cut 
ends of branches, by Hales and others, show that the sap rises in them 
with very considerable force — in the case of the Vine, supporting a column 
of mercury 20 inches in height. Clarke’s more recent researches indicate 
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a still greater force, as, in one case, in a Vine lie found the force of ascent 
sufficient to balance a column of water 48-50 feet in height. The quantity 
obtained from a Birch tree 75 feet high, from November to May, was 
3480 lb., in one day OOlb. being collected. The force and amount are. 
subject to diurnal variations. It is evident that the spring current, at 
least, is partly owing to absorption by the roots, in the cells of which 
decomposition and solution of starch art* effected, and which must in con- 
«equ(‘nce absorb watt*r greedily ; tlie engorgement of the tissues may cause 
the liquids to be. forced into and upwards along the course of the vessels 
and ducts. 

In woody shuns osmose also comes into play in conjunction with capil- 
lary action and pri'issure dejHindiuit on the. various causes before named, 
l^ressure resulting from iHcreas(‘(l temperature is illustrated by the cir- 
cumstance that the. flow of sap in the trunks of trees is greatest during the. 
daytime, when tin*, trunk absorbs tlie sun’s hi*at by its rougli surface, and 
least at night, wlieii the tri^e. is cooled by radiation. In the leaves the 
transpiration and the movements effected hy the wind alford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all por- 
tions of the plant wIkuh* vegetation is going on actively and where in coii- 
st'quenfH* large quaiititi(*s of nutriment are requirt‘d, the chemical traris- 
fonuation of the cell-conhuits, which renders them available for nutri- 
ti^'e purposes, necessitates a larg(* quantity of water ; and in consequence 
an endosmotic curri'nt is produced. This chemical action does not neces- 
sarily occur at the very point where growth is most active, gen(*rallv, in- 
deed, elfwnvhen^, in what may lx* ternuul the .store-cells, so that a current 
is determined from the store-cells to the growing points. 

The transfers just alluded to may be compared to a row of fi remem 
handing on pails of ^vater, in the absence of a hose or conliimous pipe, 
such as is repr(^sente*d by the bhx)d-vesst‘ls of an animal. 

The spnn<} ascent of sap in Dicotyledons is partly to be accounted for 
hy the solution of starch, or the decomposition of fixed oil <fec., in the buds 
and cambium-region, as above mentioned (just as occurs in the root eir in 
fi seed beginning to germinate). But, as has been obs(*rve?d by Von Mohl, 
the inspissated juices thus formed do not lie in the sajvwood wherein the 
ascending current flows, but in tin* canihi uni -layers, whert*. the elaborated 
sap descends ; and it is not clear why the ascending fluid, if moved by 
endosiiios(i alone, does not pass out laterally into the cambium as soon ns 
it reaches the stem. That the buds, however, do exert this attractive 
force is seen by the influence of the heat of a greenhouse in causing the 
flow of snp in a Vine wdiicli is planted with its roots outside the house, 
and its stem brought inside and tniined there. 

Transpiration. — In the leaves (and green portions of plants 
generally) the very important ])henoniena of evaporation or trans- 
piration of watery vapours occurs, and constitutes probably the 
most important agent of all in causing the supply and diffusion of 
food in plants. It has been stated above that plants absorb their 
liquid food by their roots ; therefore, under equal external condi- 
tions, a plant should receive the nutrient matters derived from its 
liquid food in the ratio of the quantity of water passing through 
its tissues and evaporated from its leaves since the water 
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passes off almost as pure vapour, and, at all events, leaves its 
mineral constituents behind. The amount of evaporation is re- 
markably great, and accounts in some degree for the sustenance of 
plants by such extremely dilute solutions of their nutrient matters 
as they find in the soil. 

Amount of Trangplration. — The experiments of Lawes and Gilbert 
^ive the following avernge daily loss (ff water in grains in the montlis 
indicated, in p<jts of unmaimred soil, tiie first line from Wheaty the 
second from — 


March 19th March 2Sth April 28th May 25111 
to to to to 

Mai'ch 28th. April 28th. May 25th. June 28th. 


June 28th 
to 

J uly 28th. 


July 28th Au||t. llth 

to to 

Aufj. llth. Sept. 7th. 


14-3 40-9 l(i2-4 11 77-4 

n-2 42-9 10(>-4 1079*8 2002-7 


1101-4 

377-2 


230-9 


The total amount of water given off during tlic whole period of 172 
days ( March 19 to Sept. 7) was, by the Wheuty 113,,o27 grains, by tlie 
iV«8, 100,082 grains, llie total (piantity of mineral asli from ea(4i of tlie 
samples was, Wheaty 30-40 grains, and Pm, s, 43-10 grains, whicli shows 
that the Wheat took up 32-14 grains and th(‘ Ptuis 30-57 grains of mineral 
matter in every 100,000 grains of wattT which (wnporated from it. 

Other elaborate experiments of the same obscu-vers, n^corded in the 
Journal of tlie Horticultural Society for 185], show that evergreen trees 
transpire less than deciduous tr(*es, and that great differiaices are manifested 
in different plants according to temperature. Tlie maximum of evapora- 
tion does not always coincide- with tlu^ maxiumm temperature. It was 
also found that plants cultivated without manure frequently evaporated 
more than those to wliicli manure w^as applied ; and, further, that 
under a purely mineral manure more water was Iranspind than when a 
mixed mineral and aminoniacal manure was used, so tliat tlie more abun- 
dant the food the l(\ss water transpired. Jfelidrain shows that, as a rule, 
the amount transpired is greater from the younger than the old<‘r Ifuives. 
llaberlandt, in his experiments on this subject, shows that young grow*- 
ing Cereals btifore the pt^riod of liowfu-ing transpire most, and least of all 
after that process, the relative proportion of root or absorbing organs as 
compared to transpiring organs being then great(‘st. The four plants 
examined by M. Haberlandt evaporated in 24 hours per 100 square centi- 
metres during the whole period of vegetation (00 days) as follows: — 
Harley 3794, Wheat 3532, Hye 2849, Oats 200<) grammes. But con- 
sidered in relation to the suri’ace of the plaiit-s, the Oat evaporated 2277, 
the Barley 1236, the Wheat 1179, and the Bye 834 grammes per plant 
during the same period. Supposing a million plants on a hectare (a 
hectare=:2J acres about), the loss of water, according to the above calcu- 
lations, over that amount of surface would be: — liye 83,400, Wheat 
1,179,920, Barley 1,236,710, and Oats 2,277,7(>0 kilogrammes, which 
corresponds to a rainfall respectively of 83*5 millimetres, 1 18 millims., 
123*7 millims., and 227*8 millims. In all cases great variations, both as 
to absorption and transpiration, occur in different individuals of the same 
species. 
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CircimxBtances regulating Transpiration. — The amount of transpiration 
depends on the amount absorbed, the quantity of water in the tissues, the 
age of the plant, the amount of sm-face exposed (Asa Gray calculated that 
a moderate sizttd Elm -tree bore seven millions of leaves, the total surface 
being equal to 5 acres), the nature of the epidermis, the texture of the leaf, 
i!cc. : thus it is usually greatest from the lower suri'aces of leaves, which are 
provided with the greatest number of stomata. Kvternal conditions, such 
as the degree of moisLiiro in or the temperature of tlie air, exert gi*eat 
iutiueneeon transpiratiojj ; the drier and hotter the atmosphere, the greater 
the transpiration j but, according to McNab, plants exposed to the sun 
trarispii-e most in a moist atmosphere;, while in the sliade transpiration 
ceases when tlie atmosj)h(U‘e is loaded with watery vapour. Light also 
has great effect i)ii the quantity evaporated. McNab’s experiments, 
however, show that the rate of ascent of tlie watery sap is not checked 
by phuMiig the branch in darkness for a short time. M. Wiesner shows 
ttiat part of the ligdit which traverses the (th]oro})liyll is transformed 
into iieat, as a consequence of which there results a rise of tem- 
peraturi', and an increased teaisioii in the watery VH])Our in the inter- 
cellular passages occurs. The excess of Yai)Our escapt^s by moans of the 
stomata. A plant may, as shown by McNab and Dt'lniniin, transpire in 
a saturated atmo,>pliere, but only under the inHueiico of light. 

M. \Vii.*oner lias studied transpiration in three ditferent w^ays: — 1, 
by comparing that of green plants with that of blanched ones ; 2, 
by ex].)osing the plants in the solar spectrum ; and by placing them 
behind solutions of chlorophyll, lly these dilfereiit ways, he has amved 
at the same results, viz. : r-that the jiresence of chlorophyll markedly 
increases the action ol* the light on transpiration ; that it is the rays 
which corresptnui to the absorption-hand of the chi orophy Ilian spec- 
trum, and not the most luminous rays, which excite transpiration ; and 
lastly, that the rays which have traversed a solution of chlorophyll have 
only a slight intluence on transpiration. Other colouriug-iuatters, as xan- 
thophyll, I'or instance, may act in the same way as chlorophyll, but to a less 
extent. I'lie opmiing of the sUmuita may accelerate the transpiration j hut 
the very marked transpiration of young Maize plants, the stomata of which 
were clvised, and the slight transpiration of a llarfwefjia voniosa, the 
stomata uf which were widely open in obsimrity, sufhce to show that this 
cannot be the prijicipal cause of the transpiration in tin; light. In a very 
}) 08 itive maimer, but in a less degree than in the case of the luminous ravs, 
the obsemre calorific rays act. As to the chemical rays beyond the violet 
their action is null or very sliglit. Whatever may be the nature of the 
rays, they always act in raising the temperature of the tissues. 

In spring, before the expansion of tne buds, absorption is necessarily 
greater than transpiration ; the waU^r in such a case is stoied in the stem, 
wheie it is made available for the expanding buds and growing tissues 
generally. In summer the transpiration is greater than the absorption ; 
and then the leaves d(*j)t;iid fur their supply on the stores in the stem, 
or, faihiig that, they witlier. Even in winter, proyided the stem be ngt 
absolutely frozen, there is a mi>tiou of tlie juices, dependent to a great 
extent on the temp'ratuie of the soil, which is always in that season higher 
than that of the air, and it incieabes in amount from the surface down- 
wards. 
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The relation of the composition o f the ^uids of the plant to the amount 
of transpiration has lately been studied by M. Burgenstein, by growing 
plants in salin(‘ solutions, taking care to prevent all evaporation except from 
the leaves of the plant., and then weighing the appaiatus and plants daily 
so as to estimate tlje loss. Acids were found to increase the evaporation, 
alkalies to diminish it, other tljing-s being equal. Saline solutions act vari- 
ously, according to the nature of the salt and the concentration of tlio solu- 
tion .transpiration attaining a niaximuni at a certain degree of concentration 
and diminishing after that. In a mixed saline solution, or complete nutri- 
tive tluid, however diluted, the quantity of w^ater tianspired is invariably 
less than when the plants me grown ijj distilled water. 

Tissues through which the Sap flows. — As regards the special 
tissues through which the sap flows, the exptTiiueTits of lloffiuaim 
aud others indicate that a very uiiifonn diffusion of fluids takes 
place in the Cellular plants and iu the Alosses. But the last.- 
iiamed physiologist found that iu the ])la]its ])(>sst\ssed of libro- 
vascular bundles, th(‘ fluids })assed up in the lirst iuslauce from 
the roots chiefly iu Ihe ])roseucliyiuatous cellular const itueuts or 
soft bast-cells of the biuulh^s. Tlu\se expcuiinents were made by 
causirjg the plants to absorb potassic ferrocvauidf^ ; a-ud then, l)y 
treating sections of tlunn with a per-salt of iron, the course of the 
saj) was shown by tlui local aj)p(‘.arance of Prasslan hliu\ 

Unger’s expulments, in wdiich he caused plants to absord the red juict^ 
of tlie IxTries of riii/tohicca^ ga ve tlu* .'ame rt'sults. As a rukq it was found 
by both obs(‘rvers that the fluids did not ])a.ss by the spiral vessels tliein- 
selves, unless the continuity of the absorbing snrhu e of the. roots had been 
destroyed. Herbert S])encer’s experiments, ^lo^ve^ or, show that the ]niss{ige 
through tlie vessels is much in <m; rapid than through the eelluhir tissue. 
Where cut branches are. caused to absorb, the fluids rise in the ojien V(‘ssels 
and ducts by simple ca])illarity. In iMcNfib's ex}j(*rimcnts the ascending 
(Mirrent w as found to pass only through the wood}'^ j)ortiun of the tibr<j- vas- 
cular bundles and not ihrougb the libt^r. 

The spiral and other vessels do not alwws participate in tlui diffusion of 
the j iiices ; but in the commem ement of the growing-season (with us, in 
spring), the whole tissue becoming gorged with fluid, lla^ vessels are com- 
monly found full of sap. In the regular steady course of vegetation the 
spiral vessels are usually found tilled with air. 

The iniercellulur passat^es are also tilled witli air, except under peculiar 
circumstances, and thend’ore tfike no part in the distribution of the sap. 

The experiments which hav(‘ been made to asc.eilain tlie course of the 
fluids absorlxid by the 7'oots, tend to sliow that tlie sap passes upward in 
the elongated cells associated with vessels , in the tibro-vascular bundles, 
towards and into the leaves arul other organs. The distribution of the 
fluids must therefore be vc?rv diflerent in stems diflerently organized as 
regards the arrangement of tfiese bundles. In oiiocotyledons we find a 
series of isolated streams ; in Dicotyledons the fluids ascend in a much 
freer and wider course, in the more abundant wood of tlie regularly ar- 
ranged circle of bundles. A further diversity arises from the clianges which 
take place in stems with age ; in Dicotyledons the inner layers of wood 
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generally become converted in tlie course of time into heart-ioood^ the 
solidity of which obstructs the passage^of duida, which then ascend chiefly 
in the outer, younger layers of wood, which constitute the alburnum or sap- 
wood. 

This is illustrated by the vegetation of hoUow Dicotyledonous trees, in 
which a sufficient layer of young wood remains within the bark to cany 
up the absorbed fluids. It is found that the careful removal of the heart- 
wood of trees does not prevent the su])])ly of liquid to tlie branches from the 
roots ; but if the layers of sa^i-wood are removed, the upper parts of the tree 
die from desiccation, even wheti the bark is left uninjured except to such 
an extent as is sulfunent to allow of rom(»viiig the wood beneath. The 
removal of a ring of bark does not prevent the ascent of fluid, but, as will 
be noticed presently, arrests tlie downward distributic^n. 

A certain amount of lateral <liffmio)h takes place from the as- 
cending current, supplying the surrounding tissm\s with water, 
and, porliaps, nilrogimous materials ; but this point is not clear. 

Crude Sap. — The fluid which is found in the sap-wood of Dico- 
tyledons is of a watery ciiaracf(‘r, containing (h^xtrine and sugar, but 
not starch, chlorophyll, or any colouring-matter. It may contain 
matters dissolved out in its course through the tissues, and thus have 
a nutritive cliaracter from the admixture of matters stored up in the 
])revioLi8 season in tlu^ wood-cells, <fec. Jt (‘ontains also mineral salts 
absorbed by the roots, in an nndecomposed condition, at consi- 
derable heights in the stxnu. This fluid is called crude mj). and 
occurs in especial abundance at the time (spring) when the renewed 
chemical activity in th<‘ developing cellular tissues causes an in- 
creased absorption ol* fluids. 

This crude sap flows out freely from incisions into the sap-wood of 
Dicotvledouous trees in spring, and sometiim's spontaneously bursts forth 
in a hind of overflow, as in what gardeners call “ bleeding ” of Vines, 
llirches, kc. 

The crude saj) becomes more and more condensed as it ascends in the 
stem and other organs. In the leaves and other grtnui parts it undergoes 
a most important transformation, loses by transpiration much of its watcT, 
and receives a new element in its composition, of the liighest importance 
to it as material for development, namely carbon, derived from the car- 
bonic dioxide absorbed by the leaves and decomposed there in sunlight, 
with the liberation of oxygen. 

Descending Sap. — ^Jhe nature of the progress of the sap 
from the leaves info the cumhutm-ref/ion of tht' stem and other 
parts is at present obscure. Some authors, indee^d, totally deny 
that the elaborated sap descends at all ; but this is in contra- 
diction to all experience and observation. All experiments which 
have been made favour the opinion that there is a descent of sap 
elaborated in the leaves, in Dicotyledons at least, in that part of 
the fibro-vascular bundles coinciding with the cambium-ring of the 
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stem — ^that is. in the cambium-layer of the wood and in the in- 
ternal tissue of the bark. This supplies the material for the de- 
velopment of new wood in the fibro- vascular layers ; and this elabo- 
rated sap evidently passes not only downward throus^h the latticed 
vessels, sieve tubes, vasa propria, and conducting cells, but inward, 
by lateral transmission (since we find in autumn stan^h-granules 
laid up in the medullary rays Ix^tvveen the edges of developed 
wood), and also u])wards when growth is going on, or where reserve 
material has to be accuinulated. 

The sap there Fore is transferred from jdace to place in varying 
directions in Dicotyledons, not- in a ]>roper system of vcssids, but 
by a series of disturbances and restorations of (Hjuilibriuin iji a mass 
of permeable tissues. TIh^ changes are dependent upon local phy- 
sical, chemical, and developmental actions. 

The evidoncH* of a descent of tdiiborated sfip is ovorwboliuing. The 
simplest proof, that of removing a ring of bark, wdiich causes the an*est 
of development of wood below tlie ring, is borne out by all variations 
of it. limf/wf/ fruit-trees in tliis way causes a swndling of the tissiu'S 
and a temporary increase of product of fruit ahooa or on the distal 
side of the wound, from the accumulation of the tljihoi’aled matter. 
The formation of tubers in the Potato and similar plants is prevented 
bv inlerrupting the contimiity of the cortical layers; and wlum hark 
is removed in patches, and the surface becomes gradually grown ov('r 
by new wood, the greater part of the new' growth comes from the 
up]x*T side. Still a descending current is not the only direction in which 
nutritive (iuids flow ; for, as has been already staled, the flow may he in 
any direction, and new wood may he formed in place witliout immediahi 
colmexion with any descending current. 

It is Mulder’s view that all the nitrogenous constituents of phmts are 
net onlv absorbed by the roots, but assimilated tliere at once, and that 
carbon 18 lixed in the green organs — then, that a continual interchange 
goes on from above and below, the roots supplying protojilasmic matters 
which originate all organic phenomena, w^hile the h?a.\’es send down the 
ternarv compounds ((’ H O) which afford the material for cell-raerubraiuj, 
starclu &c. This author attributes the distribution to simple endosmose ; 
but this does not account for the passage of crude sap through the albur- 
num, and of elaborated nutriment through the inner hark. Ollier authors 
consider that organic substance's (carbo-hydrates, albuminoids, &c.) are 
formed in the leaves ; in such a case a descent of the sap must of neces- 
sity occur. The transfer from one leaf to another of such substances as 
glucose, albumen, phosphates, &c. may be accounted for by evaporation. 

Sachs states that the elaborated sap in the cellular tissue is different from 
that in the vascular ; ** the parenchymatous tissues have,” says he, an 
acid sap, containing sugar, starch, oil, v^otable acids,” <fec. The vascular 
and prosenchymatous tissues, including the vasa propria ” and clathrate 
cells and other elements of the soft bast, have an alkaline sap. The sap 
passing through these tissues is of an albuminous or nitrogenous nature. 
Other physiologists, however, doubt whether any such sharply defined dual 
nature of the elaborated sap exists, though admitting the large share 
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which the vaaa propria fill in the descent of the elaborated juices. It is 
clear, however, that the currents of the sap must vary according to the 
different anatorniiail disposition of the tissues. 

Summary. — We may concludij by repeating that the nutrient 
fluids in plants follow ec^rtain directions, according to the structure 
and arrangement of the tissues, the place w here evaporation is most 
active, the locality of tlie sourc(‘s of nutriment and of growth or 
other action ; and that as regards the (‘lahorated fluid the movement 
may be, 1, from the place of formation to that of consumption, or, 
2, to the store-cells or reservoirs, or, 3, from these latter to the 
plat^e of consumption. Iflie ascending, d(^seending, or horizontal 
direction of flie <*urrents is therefore a secrondary matter. 

To illusirato tlio iiiovemfiiit and tniusfcrence of nutrient luattors, 
nllusion mjiy hero he made to the researches of M. A. (Iris on the pro- 
duction and utilization of starch, Sn:. This observer linds tliat in winter- 
time the inednllary rays, w'ood, and pith are all filbnl with starch-grains. 
Tliese diniinisli in spring, but are afterwards replac(.‘d during the summer, 
lie eoncludoH from this that there ar(‘ two syKicial movcnnents of the nutrient 
substances, as illustrated by their formation in summer and their absorp- 
tion in the following spring. 


Sect. 6 . Elauouation of tuf. Food. 

Exhalation of Oxygen. — When green plants are placed in wat(?r 
containing dissolvecl carbonic dioxide, and (exposed to sunlight, 
they give oil oxyg(m gas. 

This may he rotidily ohaevv(‘d in Vnllimeria and other submerged green 
plants growm in glass jars, a contimmns stream of bubbles escaping from 
the plants when standing in th(i siinsliine. The frothy masses of (h)n- 
fervm, borne up to tin' surface of freshwater pools in sunny weather by 
the entangled biibldes of oxygen, afford another common instance. 

The absorption of carbonic dioxide, and the elimination of oxygen in the 
case of aquatic plants, and also in that of loathorv leavtis as in ihe Cheny 
Laurel, where tlu^ro an* com}>aratively few stoniata, take place chiefly or 
entirely on the \ipper sniface. 

Where no carbonic dioxidt» exists, as in boiled or distilled water, no 
oxyg(*n is liberated. Leafv shoots remaining attached to trees, hut en- 
closed in close glass gh^bes, increase the perceiittige of oxygen in the globes 
when exposed to dayliglit ; and cut shoots with the lo%ver ends placed in 
w-ater containing carh(»nic dioxide in solution give off more oxygen than 
when the lower ends arc dipped in ivater devoid of that gas. 

The oxygen exhaled by leaves i^c. is formed at the moment of its 
liberation ; for Conferva*, which have no air-passages, and other plants 
which have had their air-passages exhausted by the air-pump, give off 
oxygen under the above circurastancevS. Frayjments of leaves perform the 
same function so lonar as their organization is uninjured, while the de- 
struction of the cells by pressure &c. stops the action. The epidermal 
cells exhale no oxygen/ 
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EfiHect of various Rays of the Spectrum. — The influence of tlie 

different rays of the spi'ctriim is very remarkable. Acc^ordinj** to Daubeny 
and Draper, whose observations have been contirnied by nunuirons ob- 
servers, sunlio-lit acts in proportion to its illiiminntin<}^ power in the de- 
oxidatinj^ process, which appears to be just the reverse of what occurs in 
the reducing action of light upon silver. The yellow rays are almost as 
powerful as white light ; while tlie more refrangible rays, blue, violet, 
ifcc., have little or no (dlect on the emission of oxygen, though it is pro- 
bable they may exert great influence on the chemical transformations 
which follow that process, and have a directly favourable influeiK^e on 
heiifitropic cim atures, pf'riodic movements, currents of proto])lasm, jJtc. 
(Pfeffer, Baranetsky). In green light the leaves emit carlionic dioxide 
gas, as in darkness. Difliised light is rich in the more rc'fi’angible rays, 
and hence causes a scanty emission of oxygen. Prillieux, Imwevei*, asserts 
that the amount of oxygen emitled by light of difTerent coloui-s is in di- 
rect proportion to their illuiuinating-pow’er, and that the (dfect of the yel- 
low and red rays in causing t luj disengngemtuit of oxygen is dm* to tln*ir 
luminous intensity. A corrt‘S])onding fact has Imm-u iu)ficed with regard 
to the evaporation of water, so that the two plnmomiMia would appear to 
be in some way connected. It has been found that starch is formed iind(‘r 
white, yellow, or hlue light, luit in difl’erent proportions and witli tlifferent 
degrees of rapidity, its formation under the influence of blue light being 
much slower than under white light. 

Cluantity of Oxygen. — The (]ttaiitity of oxygen given off bears a 
definito proporiion totln^ carbonic dioxi(l(‘a])S(>rl)e(l by a jiJant ; but 
excess of carbonic dioxide liecoines obnoxious lo bealib. 

Elimination of Nitrogen, &c. — It would a])poar that, nitrogen 
is also giv(m off by plants exj)osed to snnligld. Draper observed 
considerable cpianfities exhaled ; and (loez and Gratiolet ludieed 
more than was attributable to air accidentally ])resent in the inter- 
cellular passages. According to Coren winder the proportion of 
nitrogenous matter and phosjdiates gradually d(?(*reas(‘H from the 
time of the opening of the Icnwes till their fall. 

Boussingault assorts that in Iho case of marsh ]»lnnts a small ])7‘nportion 
of carhonic oxide is oxlialod by the green parts of ])lants, but probably not 
under nomial comditions. 

Elimination of Carbonic Dioxide. — When the influence of the 
sun is withheld from green plants they coast' to givt^ off oxygen; 
carbonic dioxide is now not absorlwjtl but exhaled, oxygen l)eing 
absorbed from the surrounding medium. 

Home entire plants destitut e of chlorophyll (Fungi and parasites) 
and certain parts of most others (buds, roots, flowers, germinating 
seeds, &c.) absorb oxygen at all times and exhale carbonic dioxide, 
and thus become, like animals, an apparatus for the combustion of 
carbon and hydrogen. 

The carbonic dioxide given off from the interior of stems, roots. 
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&c, by day is probably reabsorbed and decomposed in the green 
parts before it arrives at the surface of the leaves. 

According to De Saussure, if a plant is kept in a perfectly closed jar 
containing a measured quantity oi atmospheric air, for several days and 
nights (an equal number of each), no change is found in the volume or 
composition of the air ; the plant has exhaled oxygen by day and absorbed 
it by night, and exhaled carbonic dioxide by night and decomposed it by 
day, in equal proportion. J hit if this plant is watered with solution of 
carbonic dioxide, or this gas be added to the air, the quantity of oxygen 
in the air becomes increased. Under ordinary circumstances the leaves 
decompose by day much more carbonic dioxide than they exhale by night. 
'Fhe diserigageanent of oxygen has been observed in some aquatic plants 
to go on in the dark for some hours after exposure to the sun. The sun’s 
liglit is thus stored away in the plant and rendered available in some form 
or other wlnm wanted. 

If ])laiits are placc‘d under sucli circumstances that tliey cannot decom- 
pose carbonic dioxide and exhale oxygen (by excluding light from them, 
or by conlining them in ves.sels deprived of carbonic dioxide), they never 
acquire proper devolopnumt ; no green colour appijars (they are etiolated), 
little or no woody matter is formed in the wjxlls of the cells, and the 
whole tmergy is consumed in pushing out weak watery shoots; scarcely 
any of the peculiar resinous, milky, or other secretions are produced ; and 
plants can only subsist under tliese circumstances when supplied with or- 
ganic initriment. 

We see this when shoots are developed from Potato-tubers in the dark, 
in the cultivation of Celery and other blanched plants, &c. Put in some 
e.asi's it would siaun that plants not only have the power of acquiring 
carbon fiy tlieir surfaces, but tliat they liave also the power of growing 
ill an atmosphere deprived of carbonic^ dioxide providtHi they can assimi- 
late the carbon from the carbonic dioxide circulating in their own tissues 
(Saussure, Corenwinder). 

A mod«^rate addition of carbonic dioxide to the food of a plant, with 
fret! access of light and air, is mostly awnmipanii^d by acceleration of the 
nutrient processes and a more abundant liberation of oxygen. 

-Many green plants will tlourish in sunlight on water and carbonic di- 
oxide alone. Saussure found that the organic matter of plants increased 
in the proportion of 2 to 1 of the carbon contained in the carbonic 
dioxide ; the t'.lemeiits of water being combined wdth the carbon. 

Effect of Nitrogen and of a want of Air. — When plants are placed 
in pure nitrogen gas, or in vacuo^ all the functions of vegetation 
are arrested ; not only do the chemical actions above noticed cease, 
but irritability, like that of the Sensitive-plants &c., is lost, and 
the plant decays. Even shoots separately enclosed suffer in the 
same way. The death occurs especially early w’ben the plant is 
kept in the dark. 

This accounts in some degree for the injury resulting from roots grow- 
ing down too deeply into the ground, as is often observed with fruit-trees. 

Assimilation and Respiration. — It appears, therefore, that there 
are two opposed sets of operations in which plants have close and 
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important relations with the atmosphere ; in the one, occurring when 
they are exposed to the sun’s light, oxygen is liberated and carbon is 
iixed, which must Ixi regarded as a process of assimilation ; in the 
other, oxygen is absorbed and carbonic dioxide is exhaled, as in the 
respiration of animals. The plant is thus subjected to two opposing 
forces in connexion with ihe vhlorophyllian and ihe genei'ol respira- 
tion — the one tending to add, the other to abstract material ; and, ac- 
cording to the proportion belAveeii these two forces, gox erned as they 
are by the variations of light and temperature, a plant Avill either 
emit oxygen or carbonic dioxide in variable proportions. In a 
feebly illuminated spot a plant may remain nearly in equilibrium 
for months. In absolute darkm^ss, the eliminating force lx?ing 
the only one in operation, the plant can only live upon its own con- 
stituents, emit carbonic dioxide by thdr combustion, and iinally 
])erish without increase of weight (lloussingault). Fixation of 
carbon is absolutely nocossary for the protluction of new terjiary 
compounds (CH 0), but elimination of carbonic dioxidi? a})pears al>- 
sol utely requisite for the mainlenan(*(‘ of the life of the ])lant. The 
elimination of carbonic dioxide is increas(jd l.)v h(‘at, and is most 
conspicuous at night or in darkness, but it never ejilirely creases 
during the life of the leaf. In the daytime the ({uantity elimijiated 
being small, it is entirely taken up and again deoxidi/ud by the 
chlorophyll. 

According to Coren winder the season of vegetation may be 
divided into two ])eriods : the iirst- that of growth, when the 
nitrogenous matter is in excess but rapidly diTrdnislnng, the [xu'iod 
when the true respiratory process is most vigorous ; the second, 
the period of maturity, uhen the process of assimilation d(q)OJuleut 
on the deoxidation of carbonic dioxide by chloro|)liyll is at its 
height , the relative proportion of carbojiaeoous to otluT constituents 
being then greatest. 

The passage of gases, of whatever nature and in whichever direction, is 
dependent on the laws of ditfusiou ; the (mtielc? of the leaf in these cases 
acts as a dialyzer or filter, checking evaporation, but permitting the pas- 
sage of gases. 

Effect of Deoxidation. — The assimilative process, in which 
oxygen is liberated, accompanied by accumulation of carbon in 
the tissues, is evidently related to the formation of the remarkable 
series of neutral ternary compounds which constitute the great 
bulk of the substance of plants, and, furtbc'r, to the production of 
the more obscure and far more complex and varied series of sub- 
stances formed by a further removal of oxygen from the compounds 
of the first class. 

The composition of the principal constituents of cellular tissues, and 
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the substances found in the watery cell-sap, is ji^enerally such that they 
may be regarded as consisting of carbon plus the elements of water; but 
it is by no means to be regarded as settled that they are secondary com- 
pounds formed by the union of water with carbt)n. 

The formation of crystallines acids, sucli as oxalic acid &c., is theoreti- 
cally accounted for by a process of deoxidation. A further deoxidation of 
carbonic dioxide and water would result in the formation of the different 
carbo-hydrates, cellulose, shirch, sugar, &c. A still gi’eater loss of oxygen 
would account for th(j formation of the vegetable fats ifec. 

The formation of the neutral h'rnary com})Ounds being constantly in 
relation to the absorption of carbonic dioxide and the passage of water 
through the tissues, with tlie exhalation of oxygen, it has been assumed 
that assimilation of carbon in the green parts of jdants is the result of 
decomposition of carlionic dioxide and of the combination of the carbon 
with water. As Liebig, however, indicated, water is far more easily de- 
composed than carbonic dioxide ; and perhaps the oxygen may be derived 
from that, its ll^drogell uniting with carbonic dioxiih*. 

There is no evidence to show which view is correct. In the n(*xt place, 
Draper regards the docom])osition of carbonic acid as a process resulting 
from contuct-artlon or fvnnetdut ion excited by tlie nitrog’enoiis protoplasm, 
accompanied by a waste of the latter, in which nitrogen is liberated. 
Muldtu*, on the other hand, believ(‘s that th(‘ carbonic dioxide enters into 
combination with some substance existing in the protoplasm, and that the 
oxygen is set free by the decomposition of this coinpoimd ; for example, 
that chlorophyll is produced continually iii suiishiin^ tlie wax associated 
with this being formed from starcli, acconi]«ini(Hi by a separation of oxy- 
gen, that this oxygen partly escapt^s and partly oxidizes the chlorophyll 
substance and (uiuses it to become green. 

Of these views, I)ra})efs appears tlie most worthy of credit, os agreeing 
best with tin? phenomena observed in the cell-contents. C.diUa’ojihyll does 
not originate tVom stareli, but nsiiully r/cc verso; and it is quite admis- 
sible to assume a deoxidating rontacf-actum of the protoplasm under tln^ 
inffuence of liglil, when we ubst.Tve a distinct oxidizing contact-action of 
the same part, of the (•ell-contents in the dark, as in the decomposition 
produced by the growth of the Yeast-plant, (p. 552). 

Nitrogenous Constituents. — As to the nitrogenous constituents of plants, 
wo know litth» at present beyond tlu^ fact that they originally exist in 
the form of protoplasmic substance, wliicli, according to Mulder, consists 
of modiffcations of the substance called proteine, known as vegetable 
albumen, fibrine, caseine, kc. 'I’liey constitute the substance of the pri- 
mordial utricle and the protoplasm, on which chiefly depend, in all pro- 
bability, the vital and chemical activity of the c(dl-contents. These have 
the power of decomposing organic compounds by contact-actim, and per- 
haps of causing new organic combinations. How they originate them- 
selves is unknown ; but it appears most probable that their source is either 
ammonia in combination with organic substances, or in some cases 
nitrates; and it is most probable that there is ground for Mulder’s opinion 
that all acti\('lY vegetating cells (containing protoplasm) are capable of 
directly assimilating organic matters to some extent, whether exposed to 
light or not, as has been shown in the case of the carnivorous plants 
before alluded to (p. 560). 
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This seems borne out by the universal presence of these nitrop-enoUvS 
coinpounds in actively vep-etatin*^ cells, iu roots, parts of the liower, in 
canibiuin, &c., as well as in p^reen organs. That the crude mp is found 
to contain uiicoinbined ammoiiiacfil sfxlts high up in the stem in S])ring 
may result from the activity of the currents of Huid allowing part of them 
to how on ULideconi]:)osed, while a part only is assiniil.‘i,ted in the roots. 

Proteinaceous matters, it may now bo stated with some contidence, 
when not directly absorbed, originate in the colourless protoplasm from 
the decomposition of sugar and ammonia .salts, in the same manner as 
starch is fornn^d in the chlorophyll under the influence of light. Ihisteur, 
as we have seen, induced the formation of protoplasm in y(5ast-c(;ll8 by 
supplying them with a saccharine solution and a nitrate or ammonia salt. 

All animal of the simphist organization not only produces lieat through 
respiration, and exhales carbonic dioxide, but a certain portion of tlio 
albumen it contains is modified by the respiratory combustion into a crys- 
talline nitrogenous compound ( In the case of plants, rts/iwmr/jf;/, 

an amide, is forint'd in the darkness as a result of the general respiration, 
and this is as easily transformed into aspartate of ammonia as urea into 
its carbonate (Jloussinganlt). Tliis asparagin is a modification of tluj 
albuminoid matters sfoi’tMl up in the cotyledons, formed when a transfer 
of tliese matters is r(Hpiir(3d, as in germination. 

Our space compeks us to restrict this Siadioii within narrow lijuits, and 
wo are oblig(*d to omit any .s}>eciai reference to the application (d* llu^se 
generalizations to the explanation of the facts of Agriculture*. Tiie 
student is recommended to study works on phy.sics and organic chemistry, 
jiH vegetable physiology is daily becoming more and more a subjtict for tln^ 
physicist and chemist; ; and without a knowledge of the subjects treated 
of by students of these .sciences, progress in vegtdable jihysiology is im- 
possible. What is sjMMaally wanted are (‘xpt^riments and analyses showing 
pnadsely what physical and clanuical cliang‘<>s go on in tluj several parts 
of the plant at various stages of growth and their rationale. 

Sect. 7. Secretion. 

At the commencement of the periods of activity of plants, as 
when they shoot up from seeds, or when the new shoots are pusluMl 
out in spring, th(3 vvliole product of the ehiborating processes is 
devot(3d to tlie formation of new structure, to growth. As the 
season advances, the (jell-forming activity sla(jkeiis, the permanent 
tissues become consolidated by the formation of secondary deposits, 
and the parenchymatous tissues appear loaded with atjcumulated 
products of assimilation, such as chlorophyll, starch-granules, &c., 
which in annual plants are subseciuently consumed in tbe matura- 
tion of the seeds, and in perennials are gathered together in autumn 
and stored up in those tissues which are to carry on the develop- 
ment in the succeeding season. 

* The student will find a useful summary of chemical scitmee applied to 
agriculture in a little work called ‘ How Crops Grow ’ (MacMillan). 
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Secretions. — The phenomena of growth have been dwelt upon 
incidentally in preceding Sections, and are further discussed in the 
next chapter ; but we have here to s})eak of certain processes, occur- 
ring more or less extensively in plants, conteinporaneoiisly with 
growth, in which j)rodiicts are formed which are not, lik(^ starch, 
(ihlorophyll, <fec., evidently transitory forms of assimilated substance. 
These substances, called by the geueral name of secretions, are of most 
varied kinds, and their relation to the economy of vegetable life is 
very obscure ; but a brief notice of the most striking of them is 
indispensable. 

A distinction is somctiinos made between the peculiar products found 
in Iho interior of colls, and those wdiicJi are acciimiilaled in certain cases 
ill intereellular piussatres or cavities, or upon the outer surface of cell- 
inenihraiies, tlie foruHir bein^ called secretions and the latter (weretions. 

The princijial substances secreted by plants are air, water, g-iim, sugar, 
volatile oils, balsams, a^isins, gum-resins, and salts, either entirely inor- 
ganic, or formed of comhinations of mineral bases with organic acids, kc . ; 
h(!sides these there occur in individual Orders a multi t uebi of alkaloids, 
neutral substances of various kinds, colouring-principles, &;e. 

Gases. — The liberation of gases into intercellular passages, cavities, ^c. 
occurs both n,s a ni^cessary ac(*.ompa.nini(uit to tlie chemical decompositions 
going on in th(^ cells, and as a spiicial proci'ss connected with peculiar 
habit of plants &c., as in the Uiricularue, in the air-sacs of Fkcus resicu^ 
losm, &c. The compositi(»n of th(3 air found in the cavities of plants 
necessarily depends upon the external conditions, as under sunlight there 
is generally a greater proportion of oxygen than exists in comniou air, in 
tlwi dark but excess of cjirbonic dioxide. 

Water. — Water is given off in a liquid form by various plants, either 
from glandul ir papilhe, or froin the general surface of leaves kc. In 
Nepenthes (list Hint orio, iSurraemia, &c. w-ater is secreted in the pitchers 
wlieroiii it accumulates. The leaves bf various Musficcje, Aracea*, (irassc'S 
and other Monocotyledons, Trojueobtm, Impatiem, Jlrassiea oleracea, 
give off drops of water from the leaves. In Cnladknn there exist orifices 
at the points of the leaves, communicating wdth iiitcTnal canals, whence 
great qiiantitie.s of Avater flow (half a pint in (Uie night). This wat€‘r is 
of course contaminated with salts and small quantities of soluble organic 
matters. 

Gum is usually poured out into and accumulated in intercellular pas- 
sages, as in the Cycadacece, in the bark of the Acacias, Cherry, &c. 
When it is formed in large quantities, it hursts the tissues and exudes in 
the form of tears. The formation of the gum Tragacanth in the species 
Astrnpalm is different from thi.s, consisting of collenchymatous thick- 
ening of the cells of the pith and medullary rays, which swell by absorp- 
tion of water, and burst out Irom the stem under certain circumstances. 
The peculiar organs called cifstoUthes have a gummy excretion as a basis, 
in the form of a clavate body, suspended in the interior of an enlarged 
cell by a cellulose pedicle ) when mature these bodies are covered with 
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crystals of carbonate of lime : they are especially common in Urticacem, 
as in I^-icus elastica, liroussonetia, &c. 

Sugar, commonly occuriing as one of the soluble fonns of the assimi- 
lated ternary substances, is occasionally excreted, especially from the parts 
of dowers, such as the so-called nectaries. Through evaporation of water 
the sugar sometimes appears in a crystalline form. Grap(‘-sugar (glucose ) 
is a])purently formed in the leaves by the combination of carbonic oxide 
and hydrogen, the former derived from the breaking up of curhonic dioxide, 
the latter derived from water. At other times it is formed from the me- 
tamorphosis of starch. It is supposed that from the glucose formed in 
tlie leaves the principal carbohydrates, such as cellulose, ciiticiilar sub- 
stance, some acids (as oxalic and formic), are derived from the oxidation 
of the glucose. 

Sugar occurs commonly in the coroll a- tubes of iiionopetalous dowers 
(Lilac on the nectariferous coronet of various plants, on the glands 
of petals like those Ac., or in pits in the same 

situation, as in some Idliacea*. On the leaves of various species of Avacia 
occur glands secreting sugar j and the same is the case in species of 
('Ivr^tdemlron, Laurustinus, tlie low(!r surface of young h‘aves of Prunns 
L(mr(Krr(tsu,s, Ac. N'arious species of Ash ( Fra:vi'}inH) and 'ramarix excrete 
a great quantity of saccharine suhstanc-(^ under the form of manna. 

The wounds indicted by insects {Aphis) also cause excretion of sugar 
from leaves, forming ‘‘honey-dew.” 

Pectosc and Pectase. — r(‘ctos{i is a gelatinous hydrocfirbon insol iihle in 
water, alcohol, and ether, found in miripe fruits, and in Heshy roots like 
carrots. J5v the agency of acids it is converted into pertinxy which gi\ es 
the viscid character to cooked fruits. Pecfasc is a p(‘culiar ferment found 
in fruits, 'which transforms pectosc into p«‘cto8ic acid. 

Volatile Oils are (‘xtreruely numerous. They are ordinarily secreted in 
glands, either external or internal, situated on the herbaceous parts of 
plants. They are i-arelv pure substances, the essiuitifil oils usually con- 
taining dissolved resinous matters, camphor, or active ])rinci pi os of various 
kinds. The odours of plants and many of their most important qualit ies 
depend upon these secretions, which are generally peculiar to ])arlicular 
genera or Orders of plants, and not unfrequently "differ in sliglit de‘^'et\s, 
so as to be chara(:tenstic of particular species in an ( h’der. "I’he cbemislry 
of the forniati(jn of these bodies is still very obscure. 8oni(; are hydro- 
carbons; others contain oxygen in addition ; and sulphur ]days an impor- 
tant part ill many, especially in the Crucifera;. "J’hf; only gfunnal stale- 
nieut which can be made is, that the majority of the essential oils contain 
less oxygen in proportion to carbon and hydrogen than the dextrine and 
the otht!r nmitral ternary compounds, and that their production stands in 
a eortaiii relation to the access of sunlight to the jdants. 

The l^abiatye with their external epidermal glands, tli(j Hypericaceajs 
and Aurantiacefe -with their internal glands, the Unibfdlifer/e with the 
oleiferous vittje in the fruit, the Terebinthaceai, llutaceai, Ac. are striking 
instances of the occurrence of essential oils in particular Orders. 

Kofiiiis, solid or fluid (balsams), are very varied. They occur chiefly 
in intercellular passages, or in groups of cells especially devoted to the 
secretion of these products. Very little is known of the processes of their 
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formation ; but tbe same generalities apply to them as to the essential 
oils with which they are not unfrequcntly associated. 

Among the resin-producing Orders may he noticed especially the Coni- 
fer®, the Legiiininosai (Copaifera^ Myro.iyl(m, &c.), Aiiiyridace®, Gutti- 
fer®, Styracea*., Terehinthace.Ti, Liliace® {Aloe, XantlwrrheM), kc. 

liesiuous and waxy matters are found in considerable abundance on 
the surface of the leaves oi* fruits of many plants. It is not clear at present 
how far tliese are to b(? regarded as proper excretions or as chemically 
metamorphosed ejndermal structures. 

Under this head falls the waxy coat of leaves and fruits which exhibit 
what is called a bloom,” as the leaves of Urirnulacea; (P. Auricula, kc.), 
the fruits of the l*lum, kc. The wax ol“ the Wax Palm (Cerojyiofi) is 
formed in flakes upon the surface (if the stem. 

Wax and resinous Tnatt(‘rs occur on the outer coat of the pollen of 
flowers ; and tlu^ viscid surface presiuih'd by the epidm’uiis of many plants, 
such as Lychnis Viscaria, some Silenes, Ac., is attributable to similar 
causes. 

Latex. — The so-called milky juices (latex) occun’iiig in specially modi- 
ti(‘d int(TCelhilnr passagess (p. ol.'ij aiv of comph'X coinpcjsitioii, containing 
essential oils, resins, gum-resins, starch-grains, extractive matters, alka- 
loids, proteinaceous compounds, caoutchouc, Ac. suspend(Kl in water, 
forining a kind of emulsion. Th(‘.y are not opjupu' and milky in their 
natural state, but beconu^ so when ex])osed to air, and mostly assume a 
transpar<'nt resinous character when their wat<;ry coiistitucmts evsiporate. 
ATuy different opinions have been expresstal as to the nature of latex and 
the v('ss(ds cemtaining^ it. Jiy some it has laum considered a mitritivo 
fluid analogous to arterial blood, by others as of purely (?xcremeutitious 
nature. A third notion is fmnded on the comparison of the fluid in 
question with venous blood. Probably that view by which it is regardt'd 
as a fluid conlaiiiiiig, mixed with matter's of a directly nutritive character, 
others which are oxenanentitious in their ualiirfi (8achs, IJaiisteiii ) is the 
most correct. Tnkud holds that the laticiAu'ous vessels are the analogues 
of the veins, and their contents eijuivahmt to venous hlood. He traces a 
contact and inosculation of the laticiterous vessels with the pitied ducts 
and other vessels. Latex from this point of view w’ould ho the residue of 
the sap after ehiboration by the c.dls — the caput morimnn of the sa]>. 
Paivre^s experiments show that the latex may flow in any diri'ction, and 
not only through tlie hark, hut through the wood and thie pith (in Pious 
elasHca), 

These juices abound especially in particular Orders, as in tlie Papa- 
verace®, Kuphor biace®, roots of (lichoracea", Apocynace®, Ih*ticace®, Ac. 
Amongst the most important substances obtained W evaporating them to 
dryness are : — opium from J^apaver sommfermn, and caoutchouc from various 
Luphorbiacejc, Urticace®, and Apocynace® ; yutta percha hom Isonamlra 
yutta, Ac. 

Saline Matters. — The saline and purely mineral excretions of plants 
have been already referred to. They occur as incrustations of the cell- 
membranes, tis silica :n the Grasses, Equisetace®, Stellat®, Ac., or car- 
bonate of lime in Charcc, Corallino!, luid in smaller quantities on the 
leaves of vaiious Saxifrages. Crystals {raphides, p. 505), either of inor- 
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pranic salts or corapoimds of organic acids with lime &:c., are frequently 
met with in the cellular tissues ; but vcuy little is laiown at present of 
the nature of their relation to the chemical processes of vegetation. 
Calcium oxalate may be regarded, according to Ilohiner and Ililgers, as a 
product of elimination, by means of which the superiiuous lime is depo- 
sited in a solid form. This lime is sot at liberty by the calcium phosphate 
absorbed, when this is decomposed to supply the phosphoric acid requisittj 
for the new albuminoid mattuifils. The lime so liberated is combin(‘d 
with the oxalic acid witli wliich young tissues abound, llauwenhotf 
shows that these raphides are wanting in plants grown in obscurity; 
wijich, tlnuHiforo, is an indication of inability of the plant to absorb or 
d(!Compost^ calcic phosphate. 

The close relation of the vegetable jicids, oxalic, malic, citric, &c., to 
carbonic dioxide, water, and the terniry assimilated substances lias 
already been alluded to. 

Tannin, or tannic acid, is a very fr<‘quont constituent of the woody 
tissues wluni their vital a«'tivity has ceascaj, and is })en‘haps a product of 
decomposition. It is fornunl in plants cxposcnl to light as well as in 
those grown in obscurity, but in smaller jiroportions in the lat ter case. 
Oak, Sumacli, lthu>i coriaria, Aatciti cafrvJtti, \',c. owe tbdr tanning pro- 
perties to this substance. In fruits the |m)})ortion of tannin decreases as 
that of sugar increases, but it is not known wlnii eircumstanc(‘s regulate 
the change. For the detecli(»n of tannin in the cti'lls under the micro- 
scope, Sanio recomnK'iids that sections la? mac(‘raU*d in ])otassic bichro- 
mate, which eaus(‘.s a reddish-brown precipitate, in tin* cells, and which 
is consistent enough to allow of secdioiis being made without extravasa- 
tion and staining of adjacent tissues. 

Speaking in general terms, it may b(^ said that the immediate 
princi])les of plants may be grouj)etl under three h(‘ads: — 1, those 
in which oxygmi is in exc(‘ss — as pectin, j)(‘ctoso, tannin, and vege- 
table acids ; 2, those in which Ji and Oiirtjin ec^iial jiroportioiis — 
cellulose, starch, gum, sugar, lactic, acetic, (juinic acids; and, 3, 
those where II is in excess — as in resins, essential oils, camphor, 
saliein, various alkaloids and colouriug-matlers. 
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CHAPTER III. 

GROWTH AND DEVELOPMENT OF ORGANS. 

Sect, 1. Development of Cells. 

The formation of now rolls takos place in several ways, though 
essentially the process always cojisisis in the sol ting apart of the 
whole, or more free j non ily of a portion or portions of the proto- 
plasm in one or othc^r of the following nianners : — 1, by condensa- 
tion or alteralion of the molecular structure ; 2, by segmentation or 
by both combined ; and, ^1, by the blending of the conhuits of one 
cell with thos(» of jinother. In any case iho mass of protoplasm 
newly set apart is sooner or later inv(\sled by a ci‘llulose coat. It is 
hence coinenient to treat of cell-formation under the heads of 
segregation, conjugation, segmentation, and free-cell formation. 

Cell-formation hy Segregation. — A certain ]n)rtion (or ])ortions) 
of the protoj)lasm is set apart from the rest, (^scapes ultimately 
from the cell-wall, ]iv(‘s independently for a time, and ultimately 
is invested with a cellulose coat. The zoospores of (Edo^onium 

Fig. 691. 


a c 



Devt'lopmenf. of zoospuro in iEiiuaoninm: a, parent filament; />, a joinl. breaking across to 
emit its contents; c, a im-re advanced stage, the globular mass of contents (nascent zoo- 
Fpor«*) still n'ithin a eellulosi? jxdliele; d, empty parent cell; e, th<* zooH]>ore eBcap<‘d 
from it, with its eron n of cilia formed ; y, the zoospore, after it has settled down, become 
encysted by a cellulose coat, and begun to grow into a new filament. Magn. 200 diam. 

and other filamentous Algoe are formed in this manner (fig. 691). 
Sometimes the whoii' of the protoplasm escapes from the cavity of 
the cell, and ultimately forms a new cell. This is spoken of as re^- 
juveimcence. The detached masses of protoplasm often move in an 
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amooboid manner, and swim about by the aid of ciliary projections, 
audit is not until Ihey come to rest that they form a cellulose coat 
(fig. 591) and acquire tlic appearance of a completely formed cell. 

Formation by Conjugation. — This mode of cell-formation, met 
with in some Algfc and in some Fungi (fig. 503, B, bi fig. 512, A, 
c, d), consists ol' fhe transfer of the protoplasmic contents of one cell 
into the cavity of an adjoining coll, and in the fusion or IdiMiding 
of the protoplasm of the one with that of the other. The spore so 
formed is called a In place of a numerical increase an 

actual decrease occurs here, from the blending of two into one. 

Cell-division or Segmentation. — This is the eominou mode of 
cell-formation in the vegetative system of ])lants, and occurs also in 
a slightly moditied form in the formation of ])olle]i. In this method 
of cell-formation th(‘ lunvly-fonned cells remain for a lime orpcn*- 
manently in contact with ca<*h other, and do not become free or 


Fig. 502. 



Section of Ok* outer layers of tli«« rind of Cereus peruvianvft soaked in alcohol: a, corti<*al 
cells witli contracted protoplasm, some with lu^wly formed septa (e); h, cork cells U(‘wly 
formed by diyision in the outer cortical cells; epidermal cells; d, cuticle. MaKU. 
200 diam. 

detached, at least at first. The process takes place in all grow ing 
parts of plants, but in the higher classes these regions are only ac- 
cessible by dissection ; in the low^er, and especially in aquatic 
plants, we are able to observe the process of cell-division in living 
organisms in all its details ; and it is in these that the phenomena 
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are most satisfactorily studied. Cell-division can only take place in a 
cell which retains its protoplasm in an active state, as in the cells 
constituting the wer intern (p. 514). When the parent cell is about 
to produce two (or lour, rarely more) new cells, the protoplasm 
separates from thecoll-wall at the line bounding the plane of divi- 
sion, and advances inwards in <he form of a narrow fold, until the 
portions of the fold coming from Ihe different sides of the cell 
coalesce, so that the protoplasm is resolved into two (or more) closed 
utricles, together completely occu])ying the place of the original 
uiriclt!. Wlnle the prot/ojdasm is folding invMird, it forms thicken- 

Fig. 593. 



Cell-diviKion in Cladophora glomerata. A. Part of a filament in a natural condition : a, cell- 
nuMiibram*; e, prnnordiul utricle or ]iro(f»plat<m ; x, situation vh<‘re divisicn is about to 
tali<' j»!acc. B & C. Stages of the formation of a septum at J', the filament having been 
treutt'd with alcohol : a, wall i>f the pan nt cell; b, walls of the new (‘clls ; c, protoplasm, 
n. Septum of old filament treated with dilute snlpburic acid, to swell up and Be]>arate 
the lanuna^ of the cell-wall and contract the )>rotoplasm: a, wall of parent cell; 6, 
wall of daughter cells; c, prot(,)plasm. Mugn. 200 diatu. 

ing cellulose laminsc on the wall of the ])arentcell and on either side 
of tlie septum separating the cavities of the two new cells, formed 
by tlie infolded portions of the protoplasm (fig. 593). This takes 
place not only in rhe vegetative cells but also in the pollen* At 
other times the new dividing cell-wall is formed gradually, after 
the sudden division of the protoplasm into two or more portions, 
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so that the process of cell-division exhibits two principal modifica- 
tions — that in which the new cell- wall is secreted during the divi- 
sion of the [)rot(;plasin, ajid that in which it is formed only alter 
its complet e segmentation. 

Tills phenomenon may he traced very clearly in all its miniitim in large 
species of Conlbrvai ( Cladophoi'ay fig. oiK'i) ; and so far as w^e may judge 
from observalious, exteiuh'd from similar cases, tliroiigh thii accessible 
structures (nascent loa^ es, protliallia, iKrc.) of Mosses, Ferns, i^*c., up to 
•wJiat we can delect in sections of the tissues of the IMianerogamia, it is 
the general inodt* of subdivision of cells. 

The principal varieties wdiich this process exhibits depend on tlie cha- 
racter of the tissue to whicli tlu^ dividing cell belongs. Jn iilanientoiis 
Confervoids this division takes place in most enses both in llie end cudl of 
a (ila, merit (apical growtli) and in c(dls fiirining links further down (inter- 
calary growu li) ; in each cas(‘ the parent cell (‘longafes more or less hevond 
the ordinary measure before dividing, and tln^ new (‘(dls eaeh grow until 
tliey equal the adult length of t he parent. In the branch(‘d Ciadoplu>r<e 
(fig. 512, (() i*v:c. tlie parent ei^ll sends out a lateral arm, AvJiich is at first 
a pouch w'ith its c,a\ it v continuous willi that of the parent ; and this is 
yubsiHjueaitly shut otf by a lateral septum formed in the manner above 
described. 

Tlie/>«s?V7?o.y;9oms* of the Agarics tS:c., and the spores of IWdcillium, li<t- 
tri/fis, and tlie allied forms of I'lnigi, ari^ ])roduced in tluj same way, as 
also are the coaidia of the “ Yiaist -fungus,’’ tlui new (tells <*, merging likit 
bubbles blown out from the wall oftbe.parentceU,aiidb(comiiigsub- 
se.quently shut oif by a similar process. In the IMiaiiitroganiia, tint cells 
of tins growing points, as of the apex of hiids and roots, of the canihiiim- 
layer of the stem, itc., multiply while vm-y minute., so tlnil it is not so 
easy to tra(;e the changes; hut c-ell-division may be I’cndily obsinwaal in 
the q)id(>rnial hairs of the highest plants, and the ])i'()t()]>lasm is ohs(‘rv(*d 
to be equally efiichmt as the agmit of mnltijilictation in th(\se. lie; diiatc- 
lion in wdiich tint division takes place is usually horizontal, sometimes 
ohli(pie, rarely if ever strictly vt'.rtictal. It will readily he surmised that 
the form of tin; organs and the mode in wdiich lh(*y ramify may depend 
matorially on the form of the terminal or apical C(;lls, and on the direction 
in which they divide. 

The production of complete cells within cells, the septa dividing the 
new chambers b(!ing continuous with new laminje deposited on the old 
wall of the parent cells, may not oidy be obs(*rved diriadly in Cladophova 
(fig. 503, Dj, but is beaiitifiilly proved by allowing filaments of ^^pmujyra 
to decay in water ; but these bniak up into lengths of eight., four, and two 
cells, and at last into single short cells, by the solution of the membranes 
from without inwards. 

The softening and swelling up of these paremt membranes doubtless 
give rise to the semigelatinous coat of many of tlie low'er Algaq espe- 
cially the NostocMiU'ai and PalmelU'ce. In the cells t)f tlie parenchi matous 
tissues of the higher plants, their parent membranes are mostly lost sight 
of by being expanded to extreme tenuity, since the cells hero usually in- 
crease very much in size after their first formation. In woody tissues, 
formed from cambium-cells, they are mostly so thin as to be almost im- 
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perceptible; but it appears as though in some instances they became 
transrormed into a kind of cement, gluing the cells together, but capable 
of being dissolved by nitric acid so as to set the wood-cells free. 

L- ell-division occurs as a forerunner of free-cell formation in many 
cases, wlien a tissue is about to give birth to a great number of free cells ; 
as in the formation of the pollen-grains in anthers, and the spores in the 
sporang(3S of the higher Oryptogamia, where the structure is in tlie first 
instance developed into a quantity of chambers by cell-division, each of 
the cqinpartineuts then producing a free cell. 

This must b(} borne in mind pi‘(\sently, when we come to speak of the 
modiiications of free-cell formation. 


Changes in the Nucleus. — During the division of the protoplasm 
as above described, and in intimate connexion with it, complex 
chajiges occur in the nucleus, wliich have been specially studied by 
Wtrasburger in ^plrofftfra. At the commenc(‘nient of cell-division 
(which occurs only at night) the nucleus increases in size, loses its 
nuch^olus, alters in form, and shows in the etuitre a transverse 
constriction in the form of a band, the midem-band, which is 
marked by rod-like condensations of protoplasm. Subsequently 
the nucleus, still incrcjasing in size, again alters its form, becoming 
barrel-sliapc'd, with an aggregation of granular ])rotoplasm at each 
end. DiNision takes })laee across the nucleus-band in about 15 
minutes after its lirst a})]>earance. Two new nuclei are formed, 
which s('parate partially one from the other, but are connected by- 
means of protoplasmic threads with the aggregations of protoplasm 
at tlie two ends of the parent nucleus. Other threads gradually 
connect the new nuclei with the protoplasm lining the walls of the 
cells, and from which the se])tiim is formed. This septum passes 
bet, ween the two nuclei, and divides the original cell into two, each 
with its nucleus. During the subdivision of the nuclei, nucleoli 
are formed in them, but tliese disappear with the exception of one. 
In ^^pinHfyra tbe chlorophyll is arrangi^d in ribbon-like coils (see 
tig. 549), and along tdiese cods, when the cell and nucleus subdivi- 
sion are taking place as just described, currents of protoplasm, 
carrying starch-grains along with them, may be seen ; so that about 
three quarters of an hour after the lirst cliange in the nucleus, a 
ring of protoplasm is found to extend round the cell, towards wliich 
tbe starch-grains proceed in groat numbers. On this ring the first 
layer of cell-membrane is formed at the expense of the starch- 
grains. The nucleus which, just prior to division of the cell, is 
jilaced near its centre, is placed, after that process is completed, 
near the side. 

IVee-cell formation. — The essential character of free-cell for- 
mation lies in the circumstance that tbe protoplasm which produces 
the primary cellulose wall of the new cell previously becomes sepa- 
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rated from the wall ot‘ the parent cell, so that the new cell is free 
(or loose) in the cavity of the parent cell. 

Modifications of Pree-ceU Formation. — These are nuinorons. 

The simplest ease is where the protoplasm, enelosino- the v'hole con- 
tents of the parent cell, separates all o^er from the wall of the 
parent cell, and, while thus frc^e, produces a cellulose membrane 
over its whole surface, which constitutes the wall of a new cell. 

Fig. 594. 



Development of the embryonal v<*Kifle of 
Santalum album . A. The upper end <»f the. 
embryo-sac, with the einbryoTiHl corpus- 
cles (fv) as yet d<!Void of cefl-nriembram^s. 
B. The same later, with the pollen-tube 
(pt) adhertmt ; the embryonal Vi-siole (r r) 
lias acquired a ocliulose coat. Magn. 400 
diam. 


Development and fertiliscation of spores of 
Fuc,u9ve(tivuUniv*', a, inner si)ore-Bae burst- 
ing from the outer sac and about to liberate 
the spores ; b, a free spore (devoid of c<‘llu- 
lo8e<M)Ht} surrounded by sjiernintozoids ; e, 
imp^egnat<^d sj^ore with a eeliulose coat ; <2, 
the same germinating. Magn. 100 diam. 


Tliis takes place in the formation of the parent cells of the pollen, in 
the cells of the parenchymatous tissues of the central region of the aniher, 
and sometimes, out not always, iii the formation of the polhm-grains. It 
appears to occur also in the formation of the parent cells of the spores f)f 
Mosses, Ilepaticse, Ferns, &c. If the separated protoplasm escape and 
assume an independent career, the formation is by isolation or segregation, 
as before explained. 

A case closely analogous to this is where the whole contents of the 
parent cell become parted into four or more portions, collectively filling 
the parent cell, but free from it, so that when they secrete their membranes 
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they become so many free cells, which escape by the bursting or solution 
of the parent cell. 

This case occurs frequently, with the production of four cells, in the 
development of pollen-grains and the spores of the higher Oryptogamia. 
Sometimes there is a certain irregularity in such cases, the^ parent cell 
either becoming really ohaniberecl by cell-division, and forming one cell 
in each of the four chambers, or at once giving birth to the four free 
daughter cells. 

Other instances of this modification are found in the development of the 
spores of tlui asci of Lichens and Mosses, a])pai*eutly also in the tetra- 
spores of Fhuddefo. The development in this way of now cells which 
escape from the parent cell as naked utricles is observed in the spore^s of 
Lucus (fig. r)!)")), and in the zoosporc^s of many (hmfervoids, which are 
fonned in foin’s in each cell (Uhaf CoU'ochfctej kc.). 

Tlie rcssoludoii of the whole coutonls of a cell into a great number of 
free cells occurs in the formation of the very numerous zoospores of C/a- 
do))horn (tig. 512, ( ^ d) and AoJdya^ with the formation of tlu^ new cell- 
membrane after their escape from the cavity oJ‘ the parent; and what is 
observed in these cascjs loads to llic conclusion that a similar mode of de- 
velopiiKjiit, going on to the com])let.ion of the culls within the parent, 
occurs in the formation of the parent cells of the spormatozoids or antlu'r- 
idia of the higher (h’yptogaiuia, where a gi*cat number of minute free 
ct'lls are develo]>ed, and are found fi*(‘o in the cavity of a large parent cell. 
Tlui formation of tlie new fronds oi llydrodictyon is a remarkable case of 
the resolution of the whole contents of a cell into a vast number of free 
cidls, which ac>(piire their cellulose coats and cohere into a new network 
within the parent cell. 

In the formation of the germinal vesicles in the embryo-sac of the 
I’hauerogamia, and ])rohably in the cell corresponding to the embryo-sac 
in the. arclu'goiiia of higher Crypt ogamia, a portion onhf of the proto-^ 
jdasmic substance of the parent ct‘il takes part, becoming isolated in the 
form of one or more (usually three in l*hanerogamia) globules (fig. 594, A), 
one (or souielinu^s two) of which acquires a cellulose membrane and 
forms the tirst cell of the embryo, or its siispensor (tig. 504, 13). The new 
cell is hero often V(iry much smaller than the parent C(‘]l ; and this case 
thus oilers the clearest and most striking instance of free-cell formation. 

In the embryo-sac of many of the I’haiieroganiia we observe, subse- 
quently to impregnation, a proctjss of free-cell formation of a peculiar 
kind, tbe protoplasm of tlie embryo-sac breaking up by degrees into nume- 
rous corpuscl(‘S, which successively form cellulose coats, and apply them- 
selves to the wall of the embryo-sac, until the layers meet in the centre, 
and the whole sac is lilled up ^\dth a parenchymatous tissue, the cells of 
which (cndospcrm-cclls) are at lirst veiy loosely coherent. Perhaps the 
parent cells of the sperniatozoids are formed in this way, in tbe cells of the 
antheridia of the higlior Cryptogamia. 

Tim i’orination of the acti^e zoosjiorc of Vaucheria is really a result of 
the isolation and individualization of a portion of the contents of the 
parent C(*ll, since here the whole plant is one gigantic cell ; but this 
case is quite dillerent from the developments included in tbe preceding 
paragraph. 

Free-cell formation occurs either with or without the presence of a 
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nucleus. If a nucleus be originally present, it disappears, or becomes as 
it were liquefied in a mass of protoplasm wbicli , from the admixture of 
cell-sap, becomes frothy below, the upper portion becoming condensed and 
granular. Around certain portions a cell-wall is formed as just explained. 
Other portions of the protoplasm become liquid, forming the so-called 
vacuoles. 

Development of vessels^ epidermis^ — Tho different forms of 
vascular tissue, including the laticiferous vessels, originate from 
cells. The most usual course is for a number of more or less 
oblong cells to range thcmselv(\s end to end in longitudinal series ; 
after a time the partit ions between the cells are broken down or 
reabsorbed, and a continuous tube results. Tin? immediate inducing 
cause, and the precise manner in which the partitions are absorbed, 
are not known. 

The epidermal cells are in the first histam^e usually smaller than 
the other parenchymatous ceils, aJid more closely pacluid together. 
They are at first spherical, or nearly so, but shortly assume the 
usual flattened character. The epidermis is at. tirst destitut(^ of 
stomata : but these organs are gradually developed in the manner 
described in the follouiug paragraph. 

Development of Stomata. — In certain of the cells tho nuchms 
previously iu contact with the cell-well be<*omes detached from it, 
aud subdivides into two nuch'oli ; the parent cell-wall then, forms 
a septum between them; aud thus twocclls are formed in apposition, 
tho septum being at tirst single, but subsequently split ling so as 
to separate tho two daughter cells and leave an opening \sUmia) 
between them which communicates with a wide intercellular s])ace 
beneath. {Sometimes cell-division occurs in the above manner, 
without the appearance of any nucleus ; but the ])arimt and 
daught(T cells, unlike the other epidermal ceils, always contain 
chlorophyll. The intereollular canals, and canals for secretion, 
originate in a similar manner to the stomata. 

Sect. 2. Development op the JSeedling Plant. 

The formation and mode of development of the embryo in 
Plianerogamia will be hereafti^r alludi'd to. J n this place it may 
be well to allude briefly to the principal phenomena witnessed in 
the germination of the embryo-plant. 

Germination of Dicotyledons. — The germination of the embryo, 
considered in its morphological aspect, begins by the protrusioji of 
the radicle (p. 156) in a dovTiward direction, subject to very few 
exceptions. The structure and formation of the growing point 
has already been alluded to. After the radicle has protruded, or 
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Himultaneoiisly with it, the two seed-leaves or cotifledom (p. 156) 
gradually emerge from the soed-coafs, being raised by the growth 
upwards of the titjdlum, or hypocotyledonary axis (fig. 596). If the 
seed-leaves are thin and leafy they are pushed up above ground, and 
become epi^eal, fulfilling at once the functions of true leaves. If 
they are thick and fleshy, they generally remain beneath the soil 
{hypo(fe(d\ or, at any rate, do not perform the functions of leaves 
i)ut only of store-houses (fig. 596). Between the two cotyledons, 
at the summit of the tigdlum, may be seen the plumule or rudimen- 
tary bud enclosing fhe r/roivinff jxntd by means of which the stem 
elongafes. Axillary buds, each with its growing point, are some- 
times produced in the axils of the cotyledons. 

The g(iTioral process of germ i nation in Dicotyledons is subject to various 
inodilications, such as tlio union of tin* two cotyledons in AnetnotiCj 
Ajumitum, I'irc., the growing point tli(‘n making its way through a slit or 
aperture in the stalJvS of the cotyledons, wliich latter, in such cases, often 
remain within the seed. In Cydamm there is hut a single cotyledon, 
while in other (;as(',s no trace at all of cotyledons is visible, the embryo con- 
sisling then of a tliick tigellum, one end of whicdi tapers ino a radicle, 
the other forms a .st(uii as in some Myrtacecc and Olusiaceje. 


Fig. 590. 




I. Seed ; (he black mark at the lower end is the hihuu. 

II. OuttT aurfaee of embryo, the seed-coat removed, c, cotyledon, r, radicle. 

III. Cotyledon separated from its fellow' and seen from within, p, plumule; f, radicle. 

IV. Shows protrusion of radicle and plumule; the cotyledons still partly enclosed within 
the seed. 


The development of the so-called premorse root and the formation of 
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tho so-calletl tufted stem are illustrated by the germination of the Cow- 
slip as observed by Mr. Ilolland. The seedling (tig. 597, A) germinates 
in tlie usual way ; but, after a time, the weight of the rapidly -growing 
plumule causes the tig(dluin to bend downwards and become more or 
less horizontal. Adventitious roots are then thrown out from the top of 
the original tigelluni, which giadually decays away, and the seedling 
stage is completed. 

The «iz(‘ and appearance of the tigtdluni vary very much : sometimes 
it constitutes nearly the whole of the embryo ; at other times it is 
at first relatively small, but is afterwards dilated into tuberous root- 
stocks and similar formations. 

Fig. 597. 



Germination of Cowslip A. First stage Avith radicle, tigellum, two leafy stalked 
cotyledons, and plumule. B. Second stage. {See text.) 

Monocotyledonous Germination. — The radicle protrudes through 
a coleorhiza or root-sbeath. Usually it speedily ceases to grow, its 
place and functions being assumed by numerous secondary or 
adventitious roots, which also burst through a root-sheath, whence 
Monocotyledons are sometimes called etidorhizal, in contradistinc- 
tion to Dicotyledons, which are escorhizal. Some of the latter plants, 
however, e. g. Tropcpolum, have a distinct root-sheath. The single 
cotyledon is either applied to the side. of the perisperm in the 
form of a shield-like body, as in most Grasses, or it is enclosed within 
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the perisperm, as in most Palms, the Onion, <fcc. In the latter case 
the plumule bursts through a slit 
ill the side of the stalk of the 


cotyledon, which is protruded 
from the perisperm. In Orchids 
and some other plants the em- 
bryo is at first a homogeneous 
body without dilferentiation of 
parts. The corm of Arum ita- 
livum is formed from a dilata- 
tion of the tigellum. In this 
plant the radicle is first pro- 
truded as a teiu])orary tap-root, 
then the iong tubular slieath of 
the cotyledon appears, the blade 
of the cotyledon being of globu- 
lar foiin and retained within 
fho perispf^rm, as in many other 
Monocotyledons. At the base 
of the sheath of the cotyledon 
may be se(‘n the plumule and 
the originally small tigellum, 
\N’hich latter gradually dilates 
into a corm. 



Sect. 3. Detelopment op the Stem, etc. 

The general structure, arrangement, and mode of developimuit 
of the fibro-vjiscular bundles of the stem, roots, and leaves has been 
alluded to in prtnnous paragraphs, but in this place it remains to 
give a general indication of the mode of growth and development of 
tl'.e organs as a whole ; and for this purpose reference may be 
briefly iiuide to tlie f/rowinrf-jwints^ or jmncta veyctationis, by means 
of which the growth in length is carried on. 

Growing-points. — in the case of Plianerogamia these growing- 
points are situated at eithtT end of the set'dling plant, that in which 
the direction of growth is upward forming the stem (fig. 599), tliat 
in which tlie direction is downward forming the root (fig. 583, 
p. 53()). The lateral branches originate in similar growing-points, 
which constitute the essential part of the huds. 

The buds, in the first instance, are little conical eminences, consisting 
exclusively of collnlar tissue, the constituent cells of which speedily 
mnge themselves in three di visions, whicli may be termed central (plerome), 
cortical (periblem), and epidermal series (dermatogen) : p. 615. Of these 
the central series form the mass of the young bud j its cells divide at first 
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ill all directions, but subsequently in linear series ; the epidermal cells 
divide by horizontal and 
parallel subdivisions ; the 
(tells of the intermediate cor- 
tical series, in the first in- 
stance, grow more after the 
fashion of the central cells. 

When leaves or branches 
commence to be formed, the 
outer cells of the central 
mass divide by longitudinal 
partitions at the same time 
tiiat the central mass itself 
exchanges its conical for a 
cylindrical form, ultimately 
cmistituting the meduUa or 
pith. 

The form and position of 
these growing-points depend 
materially upon tlie form of 
the priinoj'dial cells, and on 
the direction (longitudinal, 
transverse, or oblique) of (trowinK-lK>inb or (after 

their pavtitione. The tbiiii 
and modtJ of branching of 

the stem depend also, in a great degree, upon the position and arrangement 
of the buds. 



Fig. (m 



A, growing-i)oint of Chara (after Sachfi); ^ terminal cell, from which are formed a and 6, 
which latter cells (nodal cells) are divided longitudinally, m. Below this is another 
single cell ig) called an internodal cell. This is followed hy mni, nodal cells. Each 
cell is nucleated. The internodal cells {g) inorense in len^h, but do not divide. The 
nodal cells divide so as ultimately to envelop the internodal cells. Prom A the cell- 
contents have been removed ; in B the protoplasmic and chlorophyll granules are seen. 


Misled by certain appearances well calculated to produce a false impres- 
sion, botanists at one time attributed the formation of woody matters in 
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root and stem to a progi’e^-sive downward growth : thus the new colls 
were? supposed to he formed from above downwards. It is not necessary 
to state the argument on which this theory was based, as it has been com- 
pletely set aside by the researcljes of Trecul and others, which show that 
the new tissues are formed at the spot where they are seen, and are not 
formed from above downwards. Both bark and wood cooperate in the 
formation of new wf)od ; and father of them may form woody or cortical 
tissues without the intervention of the other. 

There is reason to believe that thfi growth of the stem of trees takes 
place principally in the summer months, often in a few weeks, and that 
comparatively little incrfniso takes place either in spring or in autumn, 
though in the latter period the new growths are consolidated. 

Growing-points of Cr 3 rptogamia. — Cryjitogams frequently, but 
not universally, diibir from PhaiKjrogams, in addition to other 
matters elsewhere referred to, in the eircumstaneo that their grow- 
ing-point terminates in a single apical cell (lig. 000), frojii the 
repealed subdivision of which in various direciJons the steins, roots, 
and their subdivisions originate. ISio such solitary apical cell is 
met with in Phanerogams, but a group of cells, as just alluded to. 

Sect. 4. Development and Giiowtu op the Boot. 

The general structure of the roots has becm previously men- 
tiomjd (p. 534). It is, however, requisite iu Ibis j)laco to allude 
to the course of development as seen at the growing-points, which 
has been made the subject of investigation by Nageli, Leitgeh, 
Hanstein, Beinke, and others, especially Janczcjwski. 

In Vascular Cryptogams the growing-point of tlie root is marked by a 
single apical cell, which undea’goes division in two dillerent directions, 
obliquely and transversel3^ I'he now cells formed hv oblique segmenta- 
tion go to make up the bod}^ of the root, while the cells formed by trans- 
verse division go to constitute the root-cap. The terminal cell of the root 
(as of the stem) in Lycopods varies in shape ; sometimes it is a three- 
sided pyramid, sometimes a four-sided p^Tamid, sometimes it is lenticular. 
The direction of ramification of the roots of thes(‘ plants (also the phjdlo- 
taxis of the leaves in the case of the stem) is intimately associated with 
the form and mode of subdivision of the apical cell. The elongation of 
the body of the root is described by Nageli and Leitgeh os due to succes- 
sive divisions of the terminal cell in a spiral direction, the direction of the 
spiral being usually dextrorse and homodromous. 

In Phanerogams there is no single apical cell, but a group of cells of 
the same relative age and order. Janczewski arranges roots, considered 
with reference to the growth of their growing-point, under live heads : — 
1. The growing-point is made up of four primarily independent tissues, 
the root-cap, the epiderm, the cortex, and the central cylinder : the roots 
of Hydrocharis Morsas Rants (Frogbit) and of I^tia Stratiotes belong 
to this type. 2. The growing-point is destitute of epiderm, the outer 
layer of the cortex answering the purpose : the roots of the Onion and 
of many other Monocotyledons afford examples of this type. 8. The 
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growing-point is also destitute of epiderin, but its place is supplied by a 
layer produced from the same tissue as that from which the root-cap is 
formed: this form is common among Dicotyledons. 4. The primary 
tissues are not distinctly dc'tined, except along a transverse layer of growing 
cells or generating layer : this type is also met with in Dicotyledons 
(J^egumiuoscC, Cucurbitaceas), &c. 5. Tb:' root consists of two tissues 
only, the central cylinder and the corlcx, winch latter fulhls the oliico of 
the root-cap : to this last type belong the roots of Gymnosperins j the 
root-cap as a primary tissue has no existence in these plants. 

Root-cap. — The ro()t-cap is formed from a layer of tissue distinct from 
that constituting the body of the root (p. lig. 583). It grows ^except 
ill the tirst typo) by means of a generating layer, which is cast off wiuui 
its functions are completed, with the rest of the dead portions of tlie root- 
cap, as in the second type, or is inmiodiately transftirined into epidermis, 
as in the third and fourth t 3 ^pes. In Gymnosperins, as has been alre;uiv 
stated, the true root-cap, as an ind(‘pondent tissue, does not exist (iifth 
typ(>). In Vascular Oyptogams the new layers of th(i root-cap are derived 
from the transverse division of the solitary terminal cell. 

Epidermis. — This is giuHTally indistinct, and may be altogether want- 
ing, as in Gyninos])t‘rms. It is raielv indeneiident (iirst. l.ype). It arises 
from the tnins formation of the outer cortical layiu’ (s<H*ond and fifth types), 
or from the transformation of the generating layer, as in the third and 
fourth types. 

in the Vascular Cryptogams, the epidermis becomes diflc'-reutiated after 
the central cyliiKhu*, and docs not divide into dilferoiit layers, except in 
the case of some Ferns. 

The Primary Cortex is a tissue alwav^s distinctly separated from the 
central cylinder. It consists at the aj»ex of tlie root of a siiighi layer made 
up of a very small niiiiiber of cells, h'urtlier from ttie apc'X tlus" ci^lls di- 
vide and subdivide?, so that several layers are tliere formed, generally in a 
centripetal direction. 

The Outer Cortex of collenchymatous colls is always a secondary forma- 
tion, either froni the outer portion of the primary cortex {Ih/drorhartH), or 
it results from the devel()pm(?nt of the cells beneath the epid(?nnis in a 
centrifugal manner ( StratioUs). 

In the fifth type the cortex is thicker at the apex than at- the periphei y 
of the root; in the fourth type it is derived from a transverse generating 
zone ; so that the mode of growth of these two types is quite ditferent from 
what it is in the tliree preceding ones. 

In Vascular Cryptoyams the zone from wliicli the cortex originates 
divides into two layers ; the outer forms the outer cortex by repeated sub- 
division in a centrifugal direction, while the innf?r la-yer consists of cells 
developed centripetally. Intercellular spaces only oc cur between the cells 
of the inner layer of the cortex, and not. between those of the outer layer. 
The root of Vascular Cryptogams resembles that of IStratiotes in its two 
cortical layers. 

The Central Cylinder is composed in the three first types of an axile 
vascular bundle and a peripheral zone. In the two last types the cylinder 
is homogeneous at the summit. The pencamhium is always early 
distinctly defined, and consists generally of a single, rarely of two" or more 
layers of cells. While, then, the growth of the root of Vascular Crypto- 
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frams, by means of a single terminal cell only, is quite different from that 
of Phanerogams, yet the subsequent development of the tissues takes place 
ill much the same way. 

Development of Rootlets. — This takes place in various manners, and has 
not yet been thoroughly worked out. In all cases the central cylinder of 
the rootlet arises from the pericambium of the parent root. The root-cap 
is derived from the internal cortical or protecting layer of the parent root. 
In Gymnosperms the pericambium is developed into the central cylinder 
and the cortex of the rootlet, while in Papilionaceie and Cucurbitaceae it 
forms the central cylinder only. In Vascular Cryptogams the terminal cell 
always originates in the inner cortical layer of the parent root, and the 
pericambium does not play so important a part in the development of the 
tissues as in the case of Flowering plants. 

Adventitious Roots usually, but not universally, occur in places where 
the atmOvSphere is warm, stagnant, and loaded with moisture. If a ring- 
sliaped piece of bark be taken from the stem, roots are formed from aborts 
the wound, but not from below^ — a circumstance supposed to be due to 
the accumulation of organizable matter above the wound ; but by others 
it is considered to be owing to tlie absence of oxygen. Portions of willow- 
stems decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
water ; and by covering the glass with black paper, and thus preventing 
the access of light, M. llohni has succeeded in reversing the phenomenon. 
The portions of the stem in the water have been found by experiment 
to give out oxygen under tlie iniluence of light. 

Direction of Growth. — The downward direction of growth of the roots, 
as contrasted with the geiu’rally upward growth of the stem and its sub- 
divisions, is one of the most remarkable phenomena of plant-life. In the 
case of the root, one principal reason for the downward growth is the 
greater amount of moisture received from that side. The root grows by 
development just within the apex ; and the multiplication of the cells in 
that situation is dependent on a free supply of moisture. The instances 
of roots of trees growing in the direction of watercourses or drains illus- 
trate this ; and when plants are grown in close glass cases their roots are 
sometimes seen to rise above ground when the confined atmosphere is very 
moist. We have more tlian once observed the roots of bulbous plants, 
growing in water or in damp sand, coil tliemselves in spirals. Other 
assigned reasons are dependent on the circumstance that the soft yielding 
extriimity of the young root penetrates the interstices of the soil, and is 
pushed down by the dilatation and expansion of the older portions above. 
The downward direction of the root-hairs, when present, would also 
facilitate downward growth, and prevent the i*oot from being pushed up. 

The action of gravitation has also been considered to have some influence 
over the downward growth by causing the sap to accumulate in the lower 
parts of the plant, and also the varv'ing degi-ees of turgescence manifested 
l)y the tissues in the different regions of the stem and of the root respec- 
tively, pith, rind, &c., such tension being directly dependent on the acti- 
vity of the nutritive processes in the growing tisvsues. The direction of 
growth depends, according to Kraus, on the circumstance whether this 
turgescence be uniform or unequal or more in one place than another. The 
combined action of the causes just mentioned is supposed to account for 



DEVELOPMENT OP LEA-F-OEGANS, 


599 


the varying direction and curvature of the organs of plants ; but this ex- 
planation does not appear to be wholly satisfactory. The subject will be 
further considered in subsequent paragraphs devoted to the eifects of 
gravity, geotropism, &c. 

Sect. 5. Development and Growth of Leaf-organs. 

Phylloines (and all their metamorphosed forms, such as the parts 
of the flowers &c.) originate laterally just beneath the absolute apex 
of the stem, by cell-division of a single cell in Vascular Cryptogams, 
of a group of cells in Phanerogams — which results in tlie deflection 
to one side of a small group of cells forming a conical papilla, or 
tlie formation of an annular collar (sheathing-leaves), which deve- 
lops into an independent lateral organ. These leaves arise inde- 
finitely^ or acropetally, the topmost being the youngest, in order 
regulated by the laws of Pbyllotaxy. The papilla) from which 
leaves originate are at first wholly cellular, consisting of periblein 
covered by a layer of derinatogon cells ; after a time elongated cells 
are formed in the centre ; and these are followed by spiral vessels 
formed in a direction from the base upwards. As a rule, the first 
part of the leaf formed is its point, which is gradually pushed out 
by development at the point of junction of stem and loaf. Tlie 
apical growth of the leaf is generally soon arrested, but int-erstitial 
multipljcatioTi also occurs in different parts of tiie leaf (especially 
in stalked leaves). 

The puahing-out of the leaf by development at its base may ])e well 
observed in the leaves of Ilyacinth-hulbs develo}K'.d in early spring. Kot 
only are the tisxsucs (epidermis, <fec.) younger below, but the relative 
growth of tlio parts may be demonstrated by making a series of marks at 
equal distances up the leaf and watcliing the proportionate extrmt to 
which they become separated. The same process gives vcuy instructive 
results when applied to the measurement of the growth of the roots of tlu^ 
same plants, and is easily carried out with bulbs grown in glasses of water. 

The basilar or hadpeial mode of leaf-formation abtu'e described is that 
which is most frequent; hut in some instances the apex of the leaf, instead 
of early losing its power of growdh, continues to grow and develop new 
cells in that situation, the cells at the bast^ of the leaf, in these cases, being 
the oldest. This mode of leaf-formation is called hadfugal. 

These modes of leaf-formation may be well aeon in the case of lobed or 
compound leaves. Thus in the Rose or Passion-flower the terminal leaflet 
is first formed, and the lateral leaflets afterwards from above downwards, 
according to the basipetal plan. In Mahonia and in many Leguminosae, 
such as the Garden l*ea, the lower leaflets are formed first and the others 
subsequently, according to the basifugal plan. The lobes or notches of 
simple leaves are in like manner formed in one or the other of the methods 
just alluded to. The stipules are often developed before the leaf-blade ; 
when otherwise, they are probably lateral developments from the petiole 
rather than separate organs. 
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Sometimes the two modes of leaf-formation above described coexist in 
the same leaf ; that is to say, the lol^s of a leaf may be formed from above 
downwards, while the nerve passing into each of them gives olf its branches 
from below upwards. 

The opposition, alternation, or spiral arrangement of organs 
depends on the period at which they are de^ eloped : thus, if two 
or more leaf-organs bo developed at the same time and in equal 
degree, a whorl is produced ; if the development be successi,ve, not 
simuUaneotis, the organs are then arranged alternately or spirally. 

Development of the Parts of the Flower. — The evolution of the 
parts of the flower takes place after the sann^ general fashion as 
that iust mentioned in the case of leaf-organs in general The 
causes producing irregularity and deviations from the typi<*al floral 
symmetry have been already nlludi'cl fo (p. 91). It should, how- 
ever, be rernewhered that those irregularities are often congenital, 
i. e. exist from the very beginning: in other eases, the symmetry is 
jierfect at first, but bocom(‘s subsec jiientJy irregular. The con- 
genital arrangement not only slunvs the earliest stage of the indi- 
vidual flower, l)iit it gives an indication of the anc^estral condition. 
A flower becoming irregular in course of growth, suggests that the 
primitive type from whicli the flower in i]iiesti()n has descended 
was regular, the irregularity accruing from adaptation to particular 
conditions during growth or to special recpiirements. 

Calyx . — If tho sepals are indefinite "they originate spirally; if definite 
they are either equal or iinc^qual in number. If equal, the nionibers of 
each pair originate simultaneously, the lowermost pair lirst. In a 
pentamerous calyx, developed on the | plan, it is assumed by Ihiyer 
that one part of an originally quateniary flower is divided into tw^o. Tli us, 
if there are two bracteolcs, as previously explained, and two pairs of de- 
cussating sepals, the anterior sepal of tho lower pair (see p. 89) becomes 
divided, and one of the two subdivisions is lower than the undivided 
posterior sepal. This lowest sepal is No. 1; the other subdivision 
is placed a little higher than the posiorior sepal, and is No. 3; 
the posterior undivided sepal of the lowermost pair is thus placed 
between 1 and 3, and is therefore No. 2. The two sepals of the upper 
pair are 4 and 6 respectively. The sepals 1, 2, 3 belong thus to the 
lower series, 4 and 5 to an upper one. If, however, there are either no 
bracteoles or two pairs of bracteoles and an originally quaternaiy calyx, 
it is the upper pair of sepals w’^hich is antero-posterior, as in Epi- 
lobium. The anterior sepal divides as before, to form Nos. 3 and 5, the 
posterior sepal being No. 4, and the two lower lateral sepals 1 and 2 re- 
spectively. There is, however, no trace of splitting, and it must be 
assumed to be hypothetical. The development of the § arrangement 
from the formation of internodes between primitively decussate and oppo- 
site leaves, as explained by Ilenslow, seems the more probable explana- 
tion (p. 48). 
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Corolla . — The petals usually originate after the sepals in suecessive 
spires, or, much more commonly, in dmultaneous whorls. In the case of 
gamosepdous or gamopetalous Sowers, the sepaline or petaline tubercles 
usually originate tree and from above downwards, being afterwards raised 
from below by the growth of the tube. The tube then, in such cases, does not 
consist of coherent parts, as is sometimes stated, but of parts partially 
arrested in their development, and consequently not separated. In other 
{!ases, especially in the carpollary whorl, the tubular^ portion is thrust out 
from the axis prior to the formation of tubercles on its free edge. 

tStawem . — Tliese originate either spirally or in whorls, usually from 
below upwards, or from circumference to centre; if verticillate they 
always appear simultaneously. According to Payer, the stamens split 
lilie the sepals in the arrangement; and this certainly occurs iu the case 
of some polyandroiis flowers, e. g. Polj/f/onum. Where there are two 
whorls, generally the outer, hut at other times the inner, is developed 
first. 

Compofind stamens^ or phalanges of stamens, originate as simple tuber- 
cles, from tlu^ sidcis of which sj)riug the se(;ondary staminal tubercles 
from above downwards, as in Mallows. Sometimes one or more lobes or 
(stamiriodes) are antherloss and petaloid: thus in some cases we have an 
arrangenioiit like that of an imparipinnate half, the terminal lobe })eta- 
loid, the lateral ones antherifeious. The wdjolo coursti of development 
in such cases precisely resembles that which takes place in the compound 
leaves of some Passion-flowers or <.>f the lloso. 

(ryruccmii. — The carpels fire devolojK^d after the stamens from small 
tubercles, at tirst fret',, but afterwards (in syncaritous ovaries) becoming 
coherent. The original tuherchi is more or less spheroid ; hut as growth 
goes on, the marginal portions grow more rapidly than the central por- 
tion, as in the case of a condiiplicate h‘af, so that a groove is formed. In 
due time the, margins uiiib^, and thus the cavity of the ovary of an apo- 
cfirpous pistil is formed ; the ovary iu a syiicarpous pistil is formed by tlie 
blending of the margins of adjacent carpi'ls. The styles are formed from 
the lengthening of the apex of the ovary from below U})wards. In the 
case of mfe.rior ororirs the thalamus^ insb'ad of remaining more or less 
convex, becomes concave and cup-slui])ed by the gn^ater proportionate 
growth at its circumference. The carpels originating from this receptacle 
become thus more or less com])l(;t(0y concealed Aviihiu, and sometimes 
adherent to it. In some syncaiqjous pistils, like tlu^ ITimrose, the carpels 
originate as a ring or shallow 1 ube, from whoso fre(‘, hoi’der the tuhercl(',a, 
which elongate into the styles and upper part of the carpels, are de- 
veloped. 

Ovules. — The ovule arises from the placenta as a cellular papilla, the 
nucleus (fig. fJOl). Around the base of this is formed a ring, which gra- 
dually lengthens from the base upward into a tubular sheath or coat of 
the ovule, h. The succeeding coats, which vary in nmnher in different 
plants, are formed in like miumer, are wliolly cellular in the first instance, 
and sometimes permanently. They leave at the apex an unclosed portion 
or hole, the mitropyle. During the growth of the coats of the ovule a 
change in direction usually occurs, so that the ovule becomes inverted. 

The true nature of the ovule and its origin are still matters of contro- 
versy, Hofmeister considered that they arise like hairs from the epi- 
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dermis, and are therefore to be regarded as tricliomes, while others con- 
sider them to originate beneath the epidermal layer like phyllomes. 
Warming’s view is that the ovules originate in the peribleni, the derma- 

Fig. 001. 

^ c9ii^ 

Dovelopmont of ovule: a, priumry nu':lrus, invt'sied at h by the pfimine, and this by the 
Becundine (O I ovule has becomo anatropous. 

togen furnishing the coats. The embryo-sac is formed by a C'dl of tlie 
first layf'.r of peribleni. The ovules thus originate in tlie same layer of 
tissues as do true buds. The coats of the ovule are probably foliar, the 
nucleus axial. 

1’lie structure and mode of development of the pollen and of the ovules 
will be further alluded to under the head of Physiology of the Ilepro- 
ductive Organs. 

Buds. — Those are the growing points enveloped by the lateral 
growths, VA'hicb, growing fastis, eventually cover over the point 
from wdiicli th(\y sprung. Like hairs and leaves, they are e.\o- 
gonous, or formed by lateral outgrowths from a sujierlicial cell or 
mass of cellular tissue (periblom and dermatogen), and are not, 
lilie roots, endocfenouf^^ or formed in the interior of the tissues. 

AdventUmis hurls, however, are formed, like roots, in an endo- 
genous manner, as also are the shoots of Eciuisetacem. It is re- 
quisite, however, not to confound adventitious Imds with Intent Imds, 
•which are truly exogenous and normal, save that their development 
is temporarily or permanently arrestcnl. 

According to Wanning, the bud and the loaf in whoso axil it is 
placed are organically united, and may be talvcn as parts of one 
whole, the two parts being developed to an ecpial degree, br dif- 
ferently, according to the functions they have to fulfil ; one may 
exist without the other, or both may be present. According to this 
view, the parent h?af is not a ])riinary stage Ixdonging to the stem, 
and the axillary bud a secondary pliasc of growdh ; hut the parent 
leaf is really the first leaf of the bud itself, and of the same stage 
or degree of growth as it. 

Shoots are only the developed buds. Their mode of ramification 
has been before alluded to (p. 38), The only point that need be 
here alluded to is the ramijtcation hif partition, in w^hich the cells 
of the gi'ow’ing-point actually divide into tw'o or more groups in a 
dichotomous or polytomous manner, as in Hydroclunris, the tendrils 
of JUtis vulpina, the scorpioid cymes of some Boraginacese, Ascle- 
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piadacesD, &c. (Wanning) ; but the distinction between lateral bud 
formation and terminal dichotomy is bridged over by numerous in- 
termediate conditions. 

l>om what has been said on the morphology, structure, and 
mode of development of the several organs, it will be seen that all 
the organs of flowering plants may be reduced to two types — 
that of the axis (cavlome) and that of the leaf {phijllome)^ with the 
hair-like projection from the epidermis {tricliome), J3ut no arbitrary 
line, applicable in all cases, can be drawn between these, as they 
all merge one into the other, or are connected by intermediate gra- 
dations. The distinguishing character between stem and loaf least 
liable to exception consists in the (circumstance that a bud may be 
and is constantly developed at the apex of the stem, while it next 
to never is at the extremity of the blade of the leaf, though it may 
bti at the end of the petiole. 


CHAPTER IV. 

GENERAL PHENOMENA CONNECTED WITH OUOWTIT. 

In preceding Sections a general view has boon taken of the anatomical 
appearances and physiological phenomena prc'Sentx^d by plants during their 
growth and dovolopiiKmt. It will have been seen that the pliysiological 
processes alluded to are most intimately associated with, and dcsjxmdent 
on, chemical and physical changes, for a full account of which reference 
must be made to chemical and physical text-hooks. While the ordinary 
student has, in most cases, abundant facilities for studying morphology, 
minute anatomy, and systematic botany, ho lias rarely tlio opportunity of 
studying for himself, otherwise than in books, the details relating to the 
chemistry and physics of vegetation ; and in not one of our schools and 
colleges is any adequate provision yet afforded for this purpost*.. The account 
which can be given Jiere must necessarily ho of a very meagre character. 
The student who wishes to pursue the subject further should read the 
third and fourth cliapters of the third Book of the English edition of 
Sachs’s ^ Text-book.’ 

Effect of Eccternal Agevhcies on Growth, 

A plant as a living organism, existing, feeding, breathing, grow- 
ing, and reproducing itself, is necessarily dependent on many con- 
ditions, such as exposure to the atmosphere, access to light, to 
food, &c. It is under the influence of light, of heat, of electrical 
currents, of gravitation, &c. And these agemcies do not exert thedr 
influence singly, but in combination. The effect of the one is 
modified by that of the others. The living plant is never entirely 
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in equilibrium throughout its whole structure. Theaction of one force 
produdn^ results in one direction is compensated for by the action 
oL’ other forces producing results in other directions. The general 
result is a series of compromises of a character necessarily varying 
according to the relative intensity of this or that action. To dis- 
entangle these mixed results, and to ascerlain what are the peculiar 
effects produced by (^ac^h agciucy, first separately, and then in con- 
juction with others, is the task of the physicist, provided withappa- 
nitus and instruments of precision. 

Eflieot of Hoat. — Vegetfihle lift^ is not carried on helow the frc.ezing-poiiit 
of water, nor, as a nde, above o(F O., although some seeds and the minute 
genus of CJryptogams appear to be ca])ah]e of retaining their vitality 
und(ir rnucli more ehwated tenip(,*ratur(;s. Each plant, each part of a 
plant, and <5ach function ))orformed hyit, is carried on best and most fully 
at a certain d(‘greo (»f teiiiperatim? ; it is checked by excess in either direc- 
tion. The limits witliin which healthy action and growth take places are 
in^cessarily very different in different cases. The germination of seeds, the 
production of flowers, the ripening of fruits, all the processes of life de- 
pend upon the degre^e of tem^jeratim*. The successful cultivation of jilants 
in the field, in the garden, in the hotJiouse depends on the knowledge and 
prjictical application of tliis fact and of the cognabi ones derived from a 
knowledge of tlu^ (dlects of otlier agencies. Attempts have been made 
to observe tlui temp(*rature required for the germination of seeds, the pro- 
duction of leaves, flowers, &c. Thn.s, for the ripening of Wheat, a certain 
aggregate anujunt of heat is required from the period of germination to that 
of ripening. (.)ther tilings being equal and within certain limits, it is im- 
material whether that lu^at bo received in a shorter or longer period. In 
southern countries the crops ripen more quickly than in blngland, in Eng- 
land than in Scotland ; but the aggregate amount of h(‘at required is about 
the same in all cases, though diffused over a longer period in the one case 
than the other. Vegetation in the extreme north la often effected with 
great rapidity ; for, although the summer is sliort, the amount of heat is 
great, and the duration of exposure to light, during the growing period, 
longer than in more southerly latitudes ; hence it is possible to cultivate 
in the open air in the north of Norway Australian annual plants. 

The lowest temperature at which the grains of chlorophyll turn green, 
according to Sachs, is, for French Beans and Maize between 0° and 15° 0. ; 
for JBramca Napus above 0*^ C. ; for Pimis pinea between 7° and 11° 0. 
The highest temperature at which leaves already formed and still yellow 
turn green was, according to the same observer, above 0. for the 
first-named plants, and above 30° C. in the case of the Onion. 

Exhalation of oxygen and assimilation have been observed by Bous- 
singault, in the case of the Ijarch, at temperatures only just above the 
freezing-point. What amount of heat puts a stop to the process has not 
been ascertained. True respiration or elimination of carbonic dioxide 
takes place, according to Beh^rain, Wolkoll) and Mayer, at a temperature 
considerably belov/ that which is requisite for growth, being earned on 
even below the freezing-point, and being manifested in direct proportion 
to the increase of temperature until a certain maximum is obtained, a 
maximum exceeding that whereat growth becomes arrested. 
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Effect of Light. — The effect of light on chlorophyll and the deoxida- 
tion which takes place when that substance is exposo<l to its ageney have 
been already mentioned. Jiut exposure to liglit is only re(j[uiivd for a 
certain time to allow of the storing up of reserve materials. This latter 
can be utilized and growth take place in the absence of light. White 
light is composed of various rays differing, not only in colour, hut also in 
their influence on plants. Most observers, as Daiibeny, Hunt, Draper, and 
Saclis, have considered the luminous (y-ellow) rays of low refrangibility to 
be the most potent in aflectiiig the decomposition of carbonic dioxide; but 
Timiriazetf and Miiller assert, from recent experiments with the spectro- 
sco])e, that the maximum of assimilation coincides with the maximum of 
heat, not with that of luminous intensity. Carbonic dioxide isdecoinposed by 
the rays which are absorbed by the chlorophyll, and of these the most 
potent "are those which have the greatest lieating power. This conclusion 
needs further con’oboration before it can displace the generally accepted 
view. 

The highly refrangible rays, blue, violet, &c., influence th(‘. rapidity of 
growth, alter the movements of the protoplasm, coiu]>cd swarm-spores to 
adopt a definite direction to their motion, and change the tension of the 
tissues of the motile organs’^ (Sachs, Daraiiotzky, 1 teller, J’rillioux). 
The degree of olfect produced b}" light naturally varies, not only with its 
quality, but also with its intensity. Difiused light, whicli may be sufli- 
cient for the production of chlorophyll, is powerless to induce the further 
changes whicli result in the formatiou of starch. In tlie case of those 
seeds (CWao/vw/as, Gonilers) in which the embryo, thougli still enclosed 
within the opaque coverings of the seed, is found to be green, the chlo- 
rophyll must be formed independently of light from the reserve substances 
in the perisperm. Differences of this character may also be produced by 
the varying degree to which light penetrates diliereiit tissues, and the 
different modifi(;ations to which it is subjected in its passage through 
tissues of different densities. 

Effect of Lig^ht, or of its absence, on Growth. — Cell-division may take 
place either in darkness or in light, provided the requisite materials be at 
hand. In Algae, like Spirof/i/ray which have little reserve material assi- 
milation goes on in the daytime, cell-division at night. Hence, as 
Sachs remarks, in the higher plants assimilation and growth may go on at 
the same time in different parts of the same organism, while in the 
simpler organism, where the same cell has to perform both functions, it 
assimilates by day and di vides by night. When a growing shoot is grown 
in darkness, as in the case of potatoes sprouting in a dark cellar, not only 
is a blanched condition observable, but also a great eJongation. This is 
also seen in badly lighted hot-houses, or in dark corners of gardens, thick 
shrubberies, &c., where the plants become drawn,” as the gardeners 
say. When such shoots are exposed to light the extension of the shoot 
is arrested and growth in length is retarded, and, as Sachs has shown, a 
periodical oscillation in the rapidity of growth is caused by the alterna- 
tion of day and night, when the temperature is nearly constant. The 
growing intemode exhibits a maximum of growth abemt sunrise, which 
decreases till about midday, when it reaches its minimum. Contrary to 
what happens in the stem, the leaves are arrested in their growth in 
obscurity. Etiolated leaves cease. to grow at the point where, under 
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normal circumstances, they would have begun to feel the effect of the 
light— that is, at the moment of their emergence from the bud. When 
the leaf has to shift for itself, starch is formed in those cells exposed to 
the light first, and all subsequent growth depends upon the formation of 
that starch. In darkness no starch is formed, and hence, according to 
Kraus, the arrested development of the growth of the leaf. But Kaii- 
wenhoff has shown that the young leaves cannot get all their nutriment 
for themselves, but must derive some from the reserve stores ; if, by 
means of incisions of the petiole, this bo prevented, the growth of the 
leaf is arrested ; and he concludes that the explanation of the arrest of 
growth in leaves in obscurity cannot be yet given. 

The lengthening of the stem in darkness, according to the same observer, 
depends irpf)n the differences of tension between the active pith-cells 
and those of the fundamental tissue generally and the passive 
cells of the wood and bark. In normal stems the pith has always 
a tendency to elongate, a tendency checked by the resistance of the 
periph(‘ral layers. In darkness, on the other hand, as ascertained also by 
Jtauweiiholf,^ the bark-cells and wood -cells either are not formed or 
do not thicken, and hence do not offer any resistance to the growth of 
the ])ith-cells. 

lleinke has drawn attention to the fact that in previous experiments 
on plants grown in obscurity suflicient attention has not been paid to the 
concomitant effect of moisture. He therefore first studied the influence 
of moisture on the growth of Jlelianthus annuus, taking two seedlings and 
placin<‘>‘ one in the open air, the other under a receiver in fully saturated 
nir. ft was found tliat in the saturated air the growth was quicker than 
in the ordinary air, yet it fell short of the acceleration which etiolated 
plants (growing in the dark) had shown. Under the glass vessel in light 
the stems seemed merely reach their normal size sooner than in dry 
air ; whereas tlie darkening caused a quite anomalous extension of the 
lent’-th. This darkening and greater moisture have both an accelerating 
actfon on the intensity of growth. 

Heliotropism. — Plants exposed to the light bend towards the quarter 
whence it comes, and become more or less concave towards that side. 
The side furthest from the light, or, in other words, the darkest side, 
grows faster than the illuminated side, in accordance with what has been 
iust said. The illuminated side thus resists the growth of the other side, 
and a curvature is formed, the concavity towards the light, the convexity 
in the opposite direction. This curvature is called heliotro^pism^ and is 
manifested by plants which have no chlorophyll, as well as by tho^ which 
possess that substance. Rays of high refrangibility, such as blue or violet, 
cause heliotropism by retardation of growth. Heliotropism of the kind 
mentioned is called positive to distinguish it from negative hdiotropism^ in 
which the exact opposite occurs, the illuminated stems becoming convex, 
as also in the case of root-hairs, some tendrils, the roots of CMorophytuniy 
&c. The kind and degree of curvature are shown by Wolkoff to vary 
according to the part of the root affected. The same observer also shows 
that in some instances of negatively heliotropic roots, the translucency of 
the tissues is such that the rays of light may be refracted, so as to pro- 
duce a more intense illumination on the side furthest from the light, the 
concavity of which surface would therefore be a true instance of positive 
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heliotropism, in spite of appearings to be due to negative heliotropism. 
But little is yet known tis to these points; but it is surmised that there 
are in plants two sets of cells, some positively heliotropic, retarded in 
their growth by light, others negatively heliotropic, whose growth is 
promoted by exposure to the light. Organs in which growth is finished 
no longer manifest these heliotropic curvatures, of which the greatest 
degree occurs in the regions w*hero grow'th is going on niost actively. 
The curves are not produced immediately on exposure to light, but occur 
gradually, and disappear gradually, even after the exposure ceases. The 
position and degree of curvature necessarily vary, according to the angle 
of incidence of the light, and are proporti»)nate to the intensity of the 
light. Negative heliotropism occurs in tlie case of the plasmodiiim or 
naked masses of protoplasm of jEtJmlium (Myxomycetes). Exposure to 
light causes, according to liaranetzky, a thinning of the plasmodiiim, 
and a corresponding ihickeiiinff or aggregation in the parts to which the 
light has no access. As in otIuT plants, tlie most energetic ellect is pro- 
duced by the blue refrangible rays, the heliotropic eilect being not obser- 
vable ill the luminous rays. In darkness, the mass of protoplasm ascends, 
against gravity, the surface of a wall or other supj)ort, but its progress 
upwards is arrested by exposure to light. 

Action of Electricity. — Tlie mechanical and chemical processes which 
go on in the cells of plants are necessarily connec.ted witli disturbances 
of electrical equilibrium, llankc, Burden Sanderson, Velton and others 
have demonstrated tlui fact that there exists in plants an eh.'ctric current 
such as Du BoisKeyrnond has demonstrated in the muscles and nerves of 
animals, but in an inverse direction. While in animal iissmis tlie current 
is directed from the longitudinal to the transverse seijtion of the muscles, 
the direction of the cuiTent in vegetable fibre is from the transverse to 
the longitudinal direction. The currents are made visible by the mediuin 
of a galvanometer, the epidermis, a bad conductor of electricity, liaving 
been removed from the fragment of tissue examined. The eliKdric cur- 
rent in plants, says Velten, has no relation to the dcgi’ee of conc(‘nlration 
of the sap or the state of aggregation of the protoplasm. 

According to llnnke, the molecules of a plant arc embedded in a con- 
necting substance, and have, according to the direction of the electric 
current, two positive poles and an equatorial negative zone, just the 
reverse of what obtains in animal molecules according to Du Bois Iley- 
niond. 

Plants seem to ho regulators of electricity, and r(»store the balance 
bet^veen the disturbanci^s of the electiic tension in the case of the eartli 
and air respectively. Bridgeman has shown ((lardeners’ Elironicle, 187.*3, 
p. 142) that healtliy and luxuriant growth takes place round the nega- 
tive pole of a galvanic battery, w^hile at the positive pole the direction of 
the radicles is inverted, and they are thrust 'u^pwarda^ grow feebly, and 
become the prey to mildew. 

Velten’s recent researches on the influence of electrical currents on 
protoplasm show that constant and inductive galvanic currents exercise 
the same effects on the protojjlasm and its movements. Very weak elec- 
tiical currents in parts of plants which offer great resistance cause an 
acceleration of the movements of the protoplasm, which may be ascribed 
to the higher temperature brought about by the stream. A very weak 
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current acting for a long time may result in retarding the movement of 
the protoplasm, and finally, under certain conditions, in arresting it alto- 
gether. Weak currents always products a retardation of the plasma- 
movement ; and continued for a longer period still, motion may be sus- 
pended. After the movement of the protoplasm lias been rendered 
slower, it will again in a short time recover its normal degree of motion, 
provided it has been disturbed by no suddcni Huctuations of the ekictric 
current. When the movement of tlie protoplasm is perfectly stopped, 
without any other essential change, it after a time gradually sets 
in again if left to itself. The parts of the cell, in most of the ])lants 
examined, in which by electrical elfect the protoplasm and clilorojiliyll 
granules are accumulated are the septa; but with stronger currents 
aggregations may apptJar in various parts (,)f the cell. When once the 
movcsment has been checked it only very gradually attains its former rate. 
By moderate electrical irritation molecular movtnuent is productHl. In 
most cases the diHere.iit parts of the cont(mis of tht^ ccdls are unequally 
affected. Strongly intonsilied currents dejuive the protoplasm of all 
furthe 3 r power of motion. Very strong currents induce contraction of tlnj 
primordial utricle. Making a contact has often a greater pliysiologicul 
effect than breaking tlie contact. The condition of agitation of’ the pro- 
toplasm brought about by the elec.tric current is not transmitted to 
contiguous parts. By weak currents the protoplasm is enabled to take 
up water through its imbibing channels ; and th(3 water thus takeji up 
may be expressed by the protoplasm itself if loft to rest. By moderate •, 
though not too weak, irritation, perfect vacuoles are formed, after w hicJi 
death or resuscitation may follow ; this is the boundary of life and death. 
By strong electrical currents the protoplasm is enabled to take up waiter 
in its own interstice's: it swells up. The same pr()])erty is possessed by 
the granules of chlorophyll. The effect e)f strong currents is to cause the 
separation of solid particles of the ])rotoplasm. Protoplasm and granule's 
of chlorophyll are transfejrmed by eleictricity into the viscid fluid state of 
aggregation, and separate parts arrived at this state) may flow together. 
The) re)tati()u of the granules of chlorophyll in tlie cells of Chard not 
disturbed by galvanic currents to the same ejxtt'nt as the protoplasmic 
movements,' and may be viewed even when the movement of the proto- 
plasm has been artificially brought almost to a standstill. Katlier strong 
electric currents in several instances cause a momentary reversion of tlje 
circulation ; but this is only apparent because it involves some essential 
changes. On the application of strong electric currents the protoplasm 
collects with great facility, especially on the cell-wall nearest the one or 
other pole, in the form of plates or elliptical bodies. 

Gravitation, Geotropism. — The effects of gravitation on living plants are 
ill understood. Knight was the first to show that the downward growth 
of roots was due to the force exerted by the earth ; for when this was 
removed or supplanted by some force of superior power, downward 
growth ceased, as when seeds were gi’own on a rotating wheel, when the 
roots were directed outward by centrifugal force. Gravitation acts inde- 
pendently of chemical or other forces, and presents many phenomena 
strictly analogous to those mentioned under the head of Ileliotropism. 
When a plant is so placed that the amount of light is ej^ual on all sides, 
or when nootropic curvatures are prevented, gravitation causes some 
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organs to descend, others to ascend, according as growth is favoured or 
retarded on the side next to the earth. WJien growth is retarded on the 
side next the earth, a curvature, the concavity of which is directed to the 
earth, ensues, and the extreme growing-point is thus directed downwards, 
as in the case of the gills of Fungi, and most roots, Such organs 

are spoken of as poftitivrh/ f/rotro^ncyihe condition ht'ing strictly analogous 
to positive heliotropisin. On the other hand, when growth is accehnated 
on the side next the earth, the organ becomes so cur\ ed as to present its 
convexity to the earth, and its terminal growing-j)oint is directed njw 
wards, as in the following diagram, wh(‘re the horizontal line represents 
tlie earth, Such organs as stems <V:c. are negatively geotropic ^awd are 

analogous to negjitively helintrojiic organs. 'J'he din^ction assumed by 
growing organs de})ends on the j-elation between graA'itation and tension, 
If the tension resnlting from tnrgt^sccmce is equal on all sides, the root 
v'ill always grow in a certain direction oven against gravity; but if the 
internal tension of tb(‘ tissues be greati'r in one direction tlum in anoth(;r, 
a curvature will result iiulepf'udently of tlu' action of gravity, the inidor- 
side of the curved })art will grow mort^ freely tlniri the upper end ; in 
consequence, tlu' growing-point will he dir(Tted u])wavds. Kraus remarks, 
with reference^ to this subject, that geotropu*. cnrN atiires, ])ositiv(' or nega- 
tive, are regulated by the same cause, lb(^ more abundant tlow of nutri- 
tive juice to the lower part of any organ b(‘iiig doterniined by gravitation, 
while the direction of the curvature is dettnuiined bv the d(*gree of 
turgescenco and tension of the tissues. Tlie snl.)j(‘ct of the inverse direc- 
tion of roots and stems stands in need, liow(‘ver, of much further eluci- 
dation. 

Effects of Tension. — These have been already incidentally alluded to; 
but tln'ir influence on tin* growth of ]tlants may lx*. l)etter nruhirstood if 
it be remembered that the cells are (dastic bags subject to bt*. stndclied 
and compressed, with consciquent alterations of shape, varying according 
to circumstance's and according as the pressure is from M'ithont or from 
within. Pressure from within, inrgcsccncc^ is rcgnlat(‘d hy hydrostatic 
laws; that from without is cimscd hy many vtiriexl circnmstance'is con- 
nected with growth and tlu5 movements of fluid. As the absorption of 
water is knowji to bo more or l(‘ss pe'iiodic, so also tin* te.nsioji of cfdls, 
and th(i mov(*mentKS consequent on it, are periodic. Organs at first 
liomogeneons as to structure absorb an equal amount of water througb- 
ont; but as the structure alters in character at diffluent ]>la(x‘S, the rate 
and degree of absorption vary, and the consequent ten.sion also varies in 
ditferent parts of the plant. Sachs shows that then* is n,n intimate de- 
pendence and correlation of growth and bmsion. Daily periodicity of 
growth coincides with the daily periodicity of tension ; if tbe^ former be 
dependent on changes of temperature and light, the latter is probably 
so also. One of the simplest of these cas(is is the sc*])nration of the divided 
portions of a stem w^hen cut lengthwise. Take almost any young grow- 
ing shoot, preferably one hollow in the interior (the llower-stalk of a 
Dandelion, for instance), and cut it down lengthwise for a short distance ; 
immediately the separated portions diverge one from the other. The 
appearance" thus presented is like that of the letter V ; or when, as often 
happens, the edges roll up, we have an appearance resembling that of the 
zodiacal sign of Aries, Y. Again, let the layers of bark and wood-tissue 
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be carefully dissected od from a young vine-shoot, so as to leave the pith 
exposed ; and it will be seen that, while the bark and wood become con- 
tracted (shorten, in other words), the pith lengthens. A similar contrac- 
tion ensues, but in a transverse direction, when a ring of bark is cut off 
from a shoot. Try to fit it on to the stem from which it was taken, 
and it will be found impossilde to replace it accurately. Dr. Bird deci- 
sively proved that tlie divergence in question was due- to varying degrees 
of tension, these variations being de])endeiit in his experiments on the 
alternate emptying of certain cdls, and the tilling or tnrgescence of others, 
and vice — the transfer of tiuids in this case from cell to cell taking 

place ill accordance with osmosis. Certain of tlie tissues are erectile, left 
to themselves they have a tendency to extend in all directions; certain 
other of the tissmss are hy comparison passive, and act as a check on tlie 
erectile tissin^s. .Spc'aking generally, the spongy eellnlar poifions, such 
as the pith and the cellular ])ortioiis of the hark, ar<‘ erectile ; while the 
skill or epidermis and the iihrous stringy lissiu's (wood) are passive. I’o 
varying relative conditions of these parts the movements of plants may, 
in great measure, he attributed. For instance, the divergence which 
occui's when a DaiKhiion or other herbaceous stem is cut down, depends 
on tlie 8iidd(*Ti distur})niic*(‘ of the halanc^e hei-etofore (‘xisting hetwiioii tlie- 
erectile central jiortions and the piissive outer portions of the skin : the 
latter gain the advantagiq and curvature results, owing to the adhesion 
of thi< cells to the rind ; but if, as in Dr. Bird’s (‘xperirnents, the advantage 
of the central tissues is restored hy the imbihition of fluids, the ent sur- 
faces then lose their (uirvatnve and becona*. jiarallel to each other. And 
so, in regard to our second illustration, tla‘ contraction that takes place 
wlien a ring of haik is removed from tht» subjacent cells allords another 
illustration of the difrerenco in tension of the ditferent elements of the 
stem. 

Tlio tension wliich occurs in plants is always liable to fluctuations in 
degree, and may either he permanent or transitory. I^ermanent tension is 
that which occurs as a result of unequal growth, while transitory ten- 
sion is due to variations in the quantitv ()f water absorbed, as in the ex- 
periments just alludt'd to. There is always a tendency to maintain an 
equilibrium ; tlie tensive forces are, in theory, at least, equally and sym- 
metrically distributed, hut this o(jual distribution is continually being in- 
terfered with by variations in the vigour of growth and the amount of 
light, heat, and moisture to wdiich plants are subjected. 

It has been long known that if a growing shoot be shaken several times 
in succession, a curve will ultimately be formed in it, the cent re of which 
curve corresponds with the place where the tension is at its maximum. 
The irritation produced hy the continued shaking stretches the passive 
tissues (epidermis) and diminishes their elasticity and consequent power 
(if rcv^istance to the erectile tissaues within, which are, in convsequence, 
enabled to grow the more rapidly. If this stretching of the rind be uni- 
form on nil sides of the shoot, a simple lengthening will take place : but 
of, as is usually the case, the stretching be more on one side than the other, 
then a curve is produced, 

Feriodio Variations in Tension. — The degree of tension varies, as has been 
said, at difterent times of the day and in different parts of plants. Under 
ordinary circumstances, according to Kraus, the tension diminishes in 
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early morning, and is at its minimum about 2 p.m., from which time it 
gradually increases. In annual plants the maximuiu degree of tension is 
at the base of the stem, and diminishes towards tho end of the branch e 
and of the roots, where the gi'owth is most active. Tlie effect of increased 
ttnision at tho base of the stem would force the nutrient fluids in the two 
directions where it is moat required. The greatest tension in young shoots 
is also at the base, the sap being thus forced towards the growing-point. 
In the cas(* of bulbous plants the greatest tension is exerted in the stem, 
so that the nutritive juices may bo forced into the bulb. 

Periodicity of Growth. — Connected with tho growth of plants two sepa- 
rate phenomena are observed : the one a regular onward course of growth 
from infancy to maturity, varying in degree, rapidily, and duration, accord- 
ing to hereditary fuidownients, attaining a maximum, and then gradually 
decreasing ; the other a tluctnating, intermittent, or periodic growth. The 
former is called hy Sachs the (fraftid period of ijroioih. The rate of increase 
in the cas(^ of tho grand period is not directly in connexion with changes 
of temperature and other outward conditions, but is to some extent inde- 
pendent of them. The rate of growth, moreover, varies in ditierent parts 
of the same organ, so that llnre is otic portion where a maxiimim rate of 
growth is ()bserv(‘d. According to Sachs, the maximum rate of growth 
in stems is gr(?alest at some distance from the apex of the stern, while in 
roots tho fastest growth takes place much nearer to the apcix. But tliis 
statement appears, from Bennett’s researches on ludlisneria and the Hya- 
cinth, to he too gon(‘ral. The author last cited found that in the pednnch^ 
of VidUmeritt tho rate of growth was much mor(^ rapid near the summit, 
while in the case of the dower-slalk of tho Ilyacintii the reverse was tlie 
case. In Tritoma the greatest and most rapid gT(>wlh was observed to 
take phico near the upper end of the scrape. While the grand period of 
growth, considered as a whole, angniciits in intensity gradually till it 
reaches a maximum and thou dcjclines, yet, if the growth of internodos, or 
short intervals, of the stem be measured at freqtient intervals, the rate of 
growth is found to he very irr(*gnlar, so that if ])r()jected in a diagram 
it would not form a uniform curve, but a series of zigzags. These varia- 
tions Sachs attributes to differences in temperature and other outward 
circumstances, and further points out the existence of a direct relation 
between the rate of growth and the tension of the tissues, the curves 
representing the two phenomena being identical. Ihunke, howeveir, dis- 
putes these conclusions and a-ttrihutes the variations to inherent changes in 
the plant itself in association with variations in the degree of humidity, 
&c. &c. 

Day and Night Growth. — The eyid(‘nce as to whether the greatest 
amount of growth takes place by day or by night is still conflicting, though, 
from what has been before said as to groAvth and cell-division, as well as 
from direct measurements, the balance of evidence goes to show a greater 
relative growth in the hours of darkness, the maximum being observable 
just before sunrise, the minimum soon after noon. The conflicting state- 
ments arise from the great variations in temperature, light, moisture, &c., 
so that it is only by eliminating, so far as possible, tbe effects produced 
by heat from those which are the result of light, and so on, that a deci- 
sion can be arrived at ; and when such a decision has been obtained, it is 
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necessarily of relatively little value, since it no means represents what 
happens under natural circumstances. 

liauwenhoff, whose paner on this subject is the most complete, and 
which contains references to the literature of the subject, shows that the 
day and night growth is variable in diflorent species, that what holds good 
in one does not do so for am^ther : and this agr(‘es with the result of 
I dndley’s experiments, in the Transactions of the Horticultural Society 
of London, new ser. vol. iii. p. 101. 

Measurement of Rate of Growth. — For purposes where great accuracy is 
not required, marks made upon the g]*owing stem at regular distances apart, 
or a measuring-rod placed in juxtaposition, are sufFicient; but where great 
accuracy and the measurement of minute spaces are demanded, recourse 
must be had to special instruments called Au.ranometerH. In the simplest 
form of this instrument a thread is attached to the growing plant, the 
other end of the thread being carried over pulleys and moving an index 
attached to a scale. Self-registering growth -mcasun'rs prc'sent many ad- 
vantages. In Ibeso the rate of growth is markiHl by an index attnebed 
by a thread to the plant, and travelling oven* ahlackened cylinder revolving 
by clockwork in fixed periods of time, and on which the indications of 
the index are traced. 

Alternations of Growth. — In addition to periodic or rhythmic waves 
of growth, a sort of compensatory gi'owth is often observed : so that if 
growth be active in one organ, it is relatively passiA e in another, and vice 
rtrsd. If one organ he hypertrophied or iiioraiijatelv developed, it often 
happens that another is correspondingly restrictc'd. ^I'he operation of tliis 
law of corapensation is particularlj' evident in many cases of monstrosity. 
It may also ne easily observed in the case of many ConifiTS, c. (;, in Araucaria 
Itnhrieafa or Ahie,H where in one season the gi’owth of tlie 

terminal shoot exceeds that of the lateral subveifieillaie ones henenth it, 
Avliile in another season the lateral shoots grow faster than tlie tei’ininal 
one. 

Force exerted during Growth. — The force with which fluids ascend in 
the stem has heen r(*peatedly measured from the time of Hales; but tlie 
actual force exert(*d by the mass of growing tissues has not been so fre- 
quently made llie subiect of accurate measurements. It is common to see 
stones uplifted by trees in their growth, and jiaving-stones raised by the 
growth of Fungi beneath them. (Uark has subjected to measurement a 
growing fruit of a Pumpkin, which from raising weights of 50-00 lb., 
flnished by raising one of 5000 Ih., its owm weight being 47 lb. Tlie 
growth of the roots of this plant was esiimnted at 1000 fet'i a day. This 
is no doubt an extreme case, but it may sullice to illustrate the enormous 
force exerted by plants in their growth. 
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CHAPTER V. 

IIEPIIODUCTION OF PLANTS. 

Sect. 1. Vegetative Multiplication. 

It is a remarkable characteristic of the Vegetable Kingdom, 
shared, indeed, by some of the lower animals, sucli as Sponges, 
Polypes, &c., that their organizing forces are diffused throughout 
their structure, whence resulis, not only great repetition of simi- 
lar and, to a certain extent, iiuh^pendent parts in the same plant, 
but a capability in those parts of surviving wlam separated from 
the parent stock, juid of becoming the foundations of new plants. 
Through this condition of the organization arises the possibility 
of a riiidfljjlicdtioii of individual plants by simple subdivision of the 
vegetative structure ot' a single specimen — a process wdiich is not 
ojily universal throighout the Vegetable Kingdom, but in many 
cases is so frequently and abundantly inanih^shMl as to throw the 
proper reprodactwn by seeds or spores into the background. 

As will bf' seen her(Mift(a', the spoi’os of some Families ar(3 really formed 
by a kind of vegetative multiplication intermediate hid ween the proper 
reproductive proceSvS and the development of the new plants; hut it will 
he more coriveniimt to examine those cases in connexion wdth the forma- 
tion of spores and seeds gimerally, and to coniine our attention here to 
what are distinctly and evidently hud-structures. 

Buds ; Gemmae. — The modes of vegetative multiplication of plants 
necessarily depend essentially on the organization of tlie species ; 
accordingly as the vegetative structures present more or less com- 
plexity, so are the “ buds ’’ more or less developed at the period 
when they are detached from the parent. 

Gemmae of Thallogens. — In the Thallopliyta, whoro tlic entire organiza- 
tion is ctdlular, and no loaf-structures exist, the buds or ynnnua are cel- 
lular structures, more or loss complex, according to the condition of the 
parent thallus. We have examples of the simplest kind of multiplication 
in Schizomifcatfis and the lower Algm, such as PalmeJhoi^ Dmuidiem^ &c., 
where the plants are continually undergoing propagation by division of 
the coiLstituent cells. In some cases no other mode of reproduction is yet 
knowm, and such multiplication appears to represent the vegetative 
growth of higher forms ; but in others a true rt'production, with formation 
of spores, recurs periodically to intenvipt the simple cell-division, in a 
manner analogous to the I’ecurrence of flow^ering, after a certain extent of 
vegetative grow th, in the higher plants. 

In the Fungi many kinds are abundantly propagated by conidia, or 
simple cells detached from the mycelium, as is the case in the CTOwth of 
Yeast (p. 6i2), in the propagation of the Vine-fungus, &c.; and in all pro- 
bability the Fungi generally may he increased by artificial division of the 
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thallus, as we see it practised ia propagating the Mushroom, the Vinegar- 
plant, <fcc. In the Lich(‘ns there is a propter structure to whicli the 
tative miitipli cation is confined, viz. the (jmidiaj the green cells formed in 
the medullary layer of the thallus, which frequently break out from the 
surface and become free, especially when the plants are exposed to exces- 
sive damp. These gonidia, however, fire now considered to be Algae, 
enlaTJgled in the meshes <>f a parasitic fiingtis. 

In tlu*- Algfe tile vegetative nuiltipli(*.ation exhibits very varied charac- 
ters. In the Confeiwoids (p. 451 ) we have the zimpw'c^ and sicarm-spores 
(fig. 512, (h <?,andfig. 501), as also in the Pliaiosporefe : and the tetraspores 
of the Ithodos])(‘rm(‘{e and the 1 Hctyotacefe probably have the same im- 
port; but, in addition to this, the thallus is commonly multiplied, especially 
in the larger foims, by the gi’(>\vth of a number of ni^w tuaUi from the 
sides or tli(‘ bast^ of an old plant, and their subst^qiient separation by the 
dt»cay of the panmt thallus. 

In th(' above cases we see th(' double representation of the v('getativo 

f irocess wliicli occurs in so mark(‘d a manner in the higlier ]>lants. Wo 
lave in(Teas(^ by simple and pure subdivision of ordinars^ vegetative 
structures, and, besides this, we sf‘e varit'd modifications of the vegcdative 
(^ells speciallv orgfinized to lit tluim for being tlirown otf spontaneously 
{(/imidia, 

Ill the Ilepfiticae and Moss('s the propagative^ structures do not arrive 
at the condition of hvds^ altliough tlie parent phints hfive leafy stems. 
Th(^ (femnuo of thf'se Classes ar(^ merely C(‘llular nodul(‘s, more or less de- 
veloped in dillerent cases, and only acipiire leaves aft(T they have become 
indejiendent. In tin' .1 ungerrnanniacem they are developed on the leaves 
or in place of fruits. In ^larchantiacefc they are found in cup-Hke re- 
C(>ptaclos, being especially frequimt when th(» plants grow in damp, shaded 
localities, a niimher of thmn (springing originally from a single cell) Ipng 
in the cup like eggs in a n(‘st. 

Ilie Mosses produce (jemma: from all parts of their structures — ^from 
tlioir knaves, stems, metjiinoiqhosod fruit-organs, and, above all, from 
thread-like runners {protnm'ma) wliicli slioot out from tlie base of tlidr 
steins. When their spor<'S germinfite, they also form first a m(‘sh of 
confervoid filaments, ea cl i joint of wdiicli often gives birth to a leaf-bud 
(fig. 4J)0, p. 430). 

Buds of Vascular Cryptogams. — The Ferns and allied Classes agree 
more closely with the Flowering plants in Iheir vegetative propagation, 
forming leaf-hiids in cases where they increase in this way ; but there is 
a connexion with the Mosses kc. in the circumstance that tlicir ifemmm 
appear more frequently on the leaves than is the case normally in the 
Phanerogamia — as, for example, in Aspleninm rhizophyllum^ where the 
leaves root and form buds at tbeir tips, CysUpteris hidhifera, in which 
bulbils appear on the petiole, &c. 

Buds of Phanerogams. — In the Phanerogamia the rule is, tliat every 
leaf-bnd may he separated from the parent stock, and, if properly treated, 
reared into a new plant; moreover, in a vast number of cases, the leaf- 
buds are naturally modified in certain details of tbeir structure, so as to 
protect them from external injury, and then thrown off spontaneously by 
the parents to multiply the kind. Many of the cases of this phenomenon 
have been described in the first part "of this work under the head of 
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Morpliology of Steiws (p. 20 et seq.) and Jiuds (p. GO). Wo have there 
spoken also of the foruiation of adocHtitkma buds (p. 70) and cited nume- 
rous exainplt's strongly indicating* that rclativi' hidependencc^ of tlie parts 
of the organization of plants referred to above. 

Adventitious Buds are ftu'ined mostly Avlieii a }dant or part of a plant 
loaded Avit li assimilat'd noiiiishment is deprived of its natural devt'lopiiig- 
points. Thus Ave s(ie. abundant formation of adA^entitious buds on healthy 
trunks of trees which have been pollarded^ i. e. have had thdr heads cut 
<iown so as t(^ remove almost all their natui'al buds. Sometimes the shoots 
so produced simply result from the development of otherwise dormant 
hmh. The abundant supply of food existing in the trunk, Iioavcvat, ofh^n 
stimulates the ctdls of th<^ mndnum-nufion (p. /5d0) into extraordijiary de- 
A^idopineut, and true endogenous leaf-buds are produced, wliich form vents 
for the A'ital eneigy of the plant. This powm* exists evmi in the roots of 
many trtu's, as in Madura aurantiaca, Pjfnts japouica^ ^:.c., fi’agjncmts of 
A\diich in a la^ilthy condition may be made to produce new plants. The 
buds so formed are of (mdogenous origin, arising in or near the cambium- 
region. 

Mention has b(Mm made of the foimatiou of adventitious buds (as exo- 
genous formations) on leaves, which has been obsc'rved frerpuintly in Avild 
plants, and is artificially iiidu(t(‘d in many cas<'8 as aiiu'ans of propagation. 
As a rule, leaves are less prom*, to ])roduce buds than sh.nns or evtm ro(»ts, 
as might be expected from tho more activi'ly chn.nging stMti* of the con- 
tc'iits of their tissues, and tht* usual absc'iice of any gr(*at Mccnmiilation 
of assimilatt'd substanct', such as is regidarly im't witli at certain periods 
in th(i stem and root. 

That striking charaet<u*istic of vegu'tables AAdiieh dis]dayM itsedf in the 
physiological inde})endt*nce of thi^ leaf-buds, rcinders the veget}l1ivl^ propa- 
gation of plants a most important featurt^ in their liistojy, both in a natu- 
ral and, in a still liiglier degree, in a cultivated ctmditioii. 

A brief notice of some striking plumomena illustrative of the spon- 
taneous propagation of tlie higher plants may bo gisen hen*. 

Various li(>rbaceous jdants ar(^ midtifJiecl by spontamamsly detached 
axillary l(*af-buds : of this we have familiar (^xamplt^s in Lilium. hidhifrrum , 
Drntaria hulbifera^ and the cnltivattid sp'ciesof Achimmvs. Similar pro- 
pagative buds are often jiroduced instcml of llowers in tluj iidloiesceuce 
of the speck \s of Allium (( far lie, iltc.), b(»th in a wild and c\dtivated con- 
dition : and the same is the case Avith stmie other plants, such as Polygon 
7tum viviparum, &c. 

The multiplication of Imlhs hy ‘‘cIoa'cs,” or axillary bulbs prc)duced in 
the axils of the scales of the parent bulbs, has h(*,eii (iescribt*d in a former 
Chapter (p. 25), and t,}iere also have been mentioned the striuitures called 
tubers, formed of modified skuus, wliich are important agents in propa- 
gating the plants in which they occur. The IVitato, for instance, forms 
tubers from its branches, the *‘eyes” or buds of which may be separated 
and made to prtKluce each a new plant : and the Jerusalem Artichoke, 
Dahlia, &c. pe similar in this resjKict. Tlie hTrestrial Orchids, such as 
Orchis Mm io (tig. 21) &c., are not multiplied by their tubers, but only 
continued from year to year, since only one new eye "is formed annually. 

Still mc>re frequent, perhaps, than the formation of bulbils, bulbs, or 
tubers is the development of leafy shoots peculiarly organized for the 
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purpose of propagating tlie plant whicli bears tlieiu, commonly compre- 
hended under the names of olKseta, stolons, runners, <fec. Almost every 
gradation of condition occurs berc, iM^tweeii the divisible rhizomes of 
such plants as tln^ Daisy, l*rimrose, &c.,the “ 1‘unners” of the Strawberry, 
Valiisneriiij Hydrocharis, &c., the olisets of House-leeks, (Stratiotes^ and 
the ros(‘tte-like stolons of JEpi/ohia, iV:c., which ap])roacli to the axillary 
bulbils of Achhuenes, and comiect all these forms with the subterraneous 
bulbs, corms, and tubers. 

Propagation by Artificial Means. — 'Hie artificial propagation of 
plants by division is effected by a varied y of processes founded on 
the same jibysiological laws as the natural multiplication by de- 
taclu^d buds, &c. ; it also includes a peculiar class of operations, 
in which the new plants are not converteil into absolutely inde- 
pendent stocks, but ar(^ made to assume a })seudo-])arasitical habit 
upon other plants, uhose roots furnish them with that portion of 
their nourishment which is doriv(‘d from the soil. 

In the siiiijile propagat ion, advantage is taken of the vital activity 
of the cambium-rt'gioJi to stijiiulate it to the jirodiiction of roots, 
in the gardcuiing ])roc(‘sses of jirojiagation by dips or layers^ 

Ac. In the production of j)seudo-parnsit(‘S, as in huddhig and 
(jraftimp the woody struct ur(‘s of two distinct plants are made to 
become intimately blended by bringing into immediate contact th(3 
cambiuin-strutdnires of both, at points where the cellular tissue is 
in an active state of devtdopment. 

Cuttings or Slips are ordinarily fragUKuits of steu'S consisting of young 
wood bearing one or more buds. Th(‘se are planted in earth, and in some 
cases rerpure no especial care to make them pn)dnce adventitious roots 
from the camhiurn-region, as in slips of Wilhnvs and many common soft- 
wooded plants. Mostly, however, it is necessary to stimulate the vegeta- 
tive action by a slight degree of iirtiticial lieat — in all cases, however, 
guarding against drought; so that, as a general ride, cuttings are made to 
strike ” root best in an atmosplierc where tlie watery vapour is contined 
by a glass eoveiiiig. It is a matter of inditlerence Avhether a cutting 
having a number of ^^t'ves” or buds is planttsl with the liead upward or 
with the summit buried in the soil and the lower ]iart loft free. In the 
latter case, tlie ordinary direction of growth of all the new shoots becomes 
reversed. When a cutting is made, a vidbm of cork-cells is formed ov('r 
the wound, and the adjac*ent cells are tilled with starch -grains, prior to 
the fonnation of the roots. 

It has been stated above that by careful management plants may he 
raised from cuttings of roots, and tneii from leaves made to produce ad- 
ventitious buds by artificial stimulus. * 

Layerg only differ from cuttings in tlie circumstance that the fragments 
to be detached are made to strike root bt‘fore they are separated from the 
parent stock — usually by bending dtiwn the branches and buiwung them 
in a portion of their course in the vsoil; an incision is usually made into the 
wood in the buried portion, w-hicli causes tlie more ready production of ad- 
ventitious roots. An analogous operation is sometimes practised, in wdiich 
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a shoot is caused to root high above ground, by surrounding one or more of 
its nodes with a mass of earth kept moist by wet bandages or other 
means. 

Tile artificial process of layering, practised commonly wdth Pinks, Ver- 
btmas, Aucuha, &c., is analogous to the natural propagation of the Straw- 
berry by runners. 

In all the cases comprehended in the above remarks, the adventitious 
roots are formed most readily in the vicinity of buds, at the nodes, just 
as we see them naturally occurring chiefly in those situations in creeping 
plants, such as the Sand-Sedge (fig. 25), Mint, many (brasses, &c., whicli 
root at every joint tluit comes into contaid with moist soil, or in tlio 
climbing I\’y, in Avhich th(i adventitious roots forming its organs of attach- 
ment to foreign bodies are produced in tufts a little below the leaves. 

Graftini:. — In the op* rations of hiulding and grafting, the parts of tlie 
parent plant are caused to assiinu^ a kind of parasitical condition, in 
which they stand in tlie same relation to a strange “ stock as they would 
have held to their parent if left in tlieir natural condition. Tlie detached 
bud or shoot is niadf^ to contract an organic union with tlu^ cambium- 
region of a foreign stem, of which it beconu's, as it were, a branch, deriving 
its supjilies of root-nourisliiuent from it, and subsequently sending down in 
return elaborated juices to contribute to the sustenanco of its foster parmit. 
It is important to note, howevin*, tliat in the ciase of distiiud plants 
thus combinetl they usually exercise no appreciabhi influeiute over eaeli 
other in regard to modifying the morphological characters of each; the 
connexion merely aflects the scion and stock in the d(*greo of activity <»f 
the general physiological processses of nutrition, tfec. Scions grafted on 
stocks of more eiiduiing character acquire greater vigour and fecundity ; 
but the produces of the buds of the scion, in the gri^at majority of cases, 
resemble in kind tln^se of their parent, while the stock coniinues to grow 
in its own way. The infliuuice of the scion on tlie. stock, is ri'iidertnl 
less noticeable in practice from the fact that buds or branches of iho, stock 
are always removed aft(U’ the scion has taken,’' in order to (roncentratt^ 
the sap in the latter; and if allowed to devidop, the branches of tlie 
stock formed below the scion mostly remain unafl'ected by the stranger 
wdiich has settled above them. 

Influence of Stock on Scion. — A certain amount of physiological influenco 
of the stock over the scion is shewn to exist by such facts of liorticultural 
experience as the dwarfing of certain varieties and their earlier or increased 
productiveness according to the stock, as in the case of Apples on the Para- 
dise stock, the fact that tlie fruit of the Pear is smaller and more highly 
coloured when w^orked on ” tJie Quince f»r Medlar than when grafted oli 
I^ear-stocks, and is earlier wlien worked on the Mountain Ash. It is not clear 
here whether the alteration is attrihutable to greater or less vigour of the 
stocks, or to an influence obstructing the riduriiof elaborated sap towards 
the roots, arising out of ditterence of texture of the wood. 

Influence of Scion on Stock. — On the other hand, the scion has been in a 
few^ cases observed to affect the stock. It is well known that the variety of 
the Yellow Jasmine with variegated leaves, budded on a plant with 
healthy green leaves, causes the gradual appearance of variegation through- 
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out the -whde of the foliage of the pknt. The same phenomenon has been 
’witnessed repeatedly in the case of variegated kinds of AhutUm. If a 
variegated scion of A, Thoimoni be placed on a green-leaved stock, the 
new leaves pushed out from the latter become also variegated. If a gi’een 
scion be placed on a stock of the variegated Ahutilon^ the new leaves of 
the scion become variegated. Further, if the variegated scion be removed 
from the green-leaved stock, the latter no longer produces, variegated, but 
only green leaves. A still more striking phenomenon is the production of 
a hybrid Laburiimn, by grafting Cystisus purpurem upon the common 
Ijaburuum. Many such cases are now authenticated, and will be referred 
to under the head of Hybridization. 

Budding consists in attaching the bud of one tree upon the developing 
wood of another, h'or this pui’pose the bud is removed from its parent 
with a slip t)f the barlf surrounding it, bearing on its inside a portion of 
the cambium-tissue existing at the line of junction of the innermost 
I’egion of tht^ bark with the youngest wood; this is applied upon the 
surface of a portion of the cambium-layer of th(i stock, exposed by slitting 
its bai’lv and turning it back so as to form a kind of pocket. The slip of 
balk is inserted into this, so as to bring the camhiiim of bnd and stock 
into coni}>leto contact, and tin) bark of the stock is then carefully bound 
d(.)V’n ovor the wound with bandages of bast, tape, &c. The organizing 
force resident in the cells of the cambium of the two portions causes them 
to grow firmly together. 

In a shoot instead of a bud is attached to the stock; and 

this is comnionl}^ elfected by cutting off the head of the stock (or a branch 
of siillicieut growth) with an oblirpie surface, or with a deep notch offer- 
ing more than one oblhpie surface ; the bottom of the shoot or graft is 
})ared so as to fit accurately on the obliques surfaces, and in this way con- 
siderable tracts of the cambium-tissue and young ’wood are brought into 
contact — their cells, how ever, b(dng partly end to end here, instead of side 
by side as in budding. Union of the growing region takes place exactly 
as in the former case. Grafting is usually practised with young w'oody 
structures; but it is also successfully applied to herbaceous plants with 
careful management ; and some Grasses even admit of being grafted on 
each other, althougli the operation is generaUy confined to Dicotyledonous 
plant s. 

What is termed Inarching y or grafting by approach,’’ may be com- 
pared to layering (p. OJ 7) ; in this modification of the process, tlie scion is 
brought into unii)ii with the stock by bending over or otherwise, without 
being detached from its ow n stem, and the, separation is not made until 
the scion has taken ” on its foster-parent, &c. 

It was at one time imagined that the animal layers of w’ood of Dico- 
tyledonous stems grew dow n absolutely and. mechanically from the buds, 
t)f w’liich tlu'y were said to re))resent the roots. It was thought also 
that, in the case of grafts, the sci(ms sent down Avoody structure over the 
old wood of the stock, so as at length to enclose it. b rom the description 
given before of the horizontal development of the cambium-layer of Dico- 
tyledons, it will be seen that such notions are devoid of ail ground. 
Merely fluid matteis pass up and dowm in the cambium and bark, and the 
only reciprocal inlluence of stock and scion depends on the respective 
activities of roots and foliage. 
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The success of grafting depending on the contraction of iutimate 
union between the cellular structuies of the two plants, it is not sur« 
prising that, as a rule, it is only between nearly related plants that such 
union is possible. If the size of the elementary organs, the rapidity or 
the extent of their periodical multiplication and expansion, &c. are unequal, 
it is evident that no permanent coherence can exist; a tissue growing 
more rapidly w’ould tear itself away from one less active, As a general 
ridt^, the elementary tissues agree closely in allied species, less closely in 
genera of the same Order, and are very diverse in diflerent Orders ; st) 
w e tiiid that grafts take readily on stocks of their own species, to a con- 
siderable extent on stocks of aided species, and to some extent on stocks of 
genera belonging to tlic same Order. As a general ride, genera of distinct 
Orders cannot be grafted with success. The parasitic Mistletoe, how^e\ er, 
attaches itself by a natural graft to various trees, such as Apples, Oaks, 
and ev(jn to OoiiiferfC. 

Some as yet unexplained exceptions exist to the inclination to union 
between allied genera. In some <‘,ases, also, a temporary union is effected, 
subst'qiiently destroyed by unequal grow th. 

Among the Kosacete we see Pears grafted readily on Quinces, with more 
diHicidty on Apples, and not at all on Plums or (dierries. (htenies and 
the Cherry-laurel readily unite. In the Okuicem we have the Lilac uniting 
with tlie Asli, the 01iv(i with I'hillyrea. It is extensively practised also 
with diverse species as w ell as varii^ties of Jthododrndrm. The l*(‘ar may 
h(^ grafteil on the liawtiiorn ; hut the former grows so much faster tlian 
the latter that the (iommunication htdwtum thtj two b(?comes interriiptc'd 
in a few^ yeai’S at the point of junction. 

Tl»e practices of grafting and buddii^g aj*e jnincipally carried on, like 
propagation by slips Ac., for tli«5 multiplication of varieties, wddch are, 
for the most part, grafted on other varieties, or normal specimens of their 
own species, these being far more healtliy and pcninanent than tliose 
grafted on allied species. The multiplication of esteemed vari(itie,s of 
ivoses, fruit-trees, Ac. is chielly effected by this means, the object being to 
produce specimens promising increas(?d hardiness or to obtain size 
and fertility earlier than could occur in a j'lunt raised from a small cutting. 
Moreover, much greater ceitainty of re]>rochicing the desired form is 
attained than is tlie case with seeds. Tlie seeds of an Apple, f(jr instance, 
rarely reproduce tlie jiarent form exactly. 

The I’each is w'orked on the Plum in Britain, because the latter is a 
native of this climate and is stimulated to grow th in spring by a lower 
tt^rnperature than the Peach (from Persia) ; it does not suc(;eed w^ell here 
on Almond-stocks. The Pear seems to succeed better on Quince than on 
Pear-stocks in loamy soils; and many similar instances are well known to 
gardeners. In addition to these circumstances, Pears, Apples, and other 
plants which maybe easily grafted do not readily root from cuttings; 
moreover esteemed varieties of Rose &c. are quickly multiplied as 
standards ” &c. by budding them on briar-stocks already of several 
years’ growth ; and, in the case of new seedlings of fruit-trees, buds 
inserted on full-grown stocks are brought to flower and fruit in a few 
years, wdiile if left to grow up into trees alone, twenty years or more 
might elapse before they bore a crop. 

Certain plienomena of gi‘afting which are observed in practice cannot 
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be fuUy explained by our present knowledge, but doubtless depend on 
causes similar to those just adverted to; among these are the facts that the 
Orange succeeds better on a Lemon-stock than on one of its own species, 
while thf^ Apricot doe‘S better on its own species than on the Plum, &c. 
The intluence of the physiological conditions of the stock upon the scion 
is turned to account by garde.ners in producing a dwarfer habit ’’ and 
an earlier and more profuse production of fruit. Thus Apples grafted on 
the low-growing “ Paradise stock ” assume the dwarf habit of the stock 
and become more prolilic. So P^^ars on the (^>uince-stock not only are 
dAvarfed in size, but produ(‘e fruit much more abundantly than when 
grown on tlndr own roots or grafted on anotlun* kind of Pefir. Gardeners 
often practise ennobling*’ fridt-trees, wlierebuds and grafts are attached 
upon stocks of good variidies of the plant in preference to wild stocks. 
Thus Apples are said to bo mncli superior when grafted on stocks of good 
varieties inst(Mid of on Grabs, &(*. ; and a kind of crossing of the qualilit^s 
of varieties has been attempttid on this principle, grafting kinds which 
bear sickly-flavoured Apples upon stocks of rougher varieties, .Jargonelle 
and nn'iloAv *’ Pears upon later, gritty varieties, See. ])(.)nl)le graft- 
ing ” is done wlnni it is dt*sired to st'cnre a particular kind of fruit whicli 
Avill not unite or graft with the ortlinary stock; thus a IVar may bo 
grafted on a Quince-stock, and on the scioji may be grafted anotber Pear, 
Avhich Avill not unite directly with the Quince. Further details on the 
snbj<‘(k of grafting, a most important and interesting one, must be sought 
in horticultural works. 


Sect. 2. Sexual Keptiouuctiox. 

Preliminary Observations. — In almost all plants the greater 
part of the active existence is passed in the dfjvolopinent of vege- 
tative organs, incrtuising the bulk of the individual, or occasionally 
also accoiupaniod by multiplication of the ])hiiit by mere subdivision 
into parts. But at certain epochs anotber tendency manifests 
itself : the energies of the plant ])ecome concentrated in tlie forma- 
tion of what are called reproductive organs, for the purpose of 
producing and maturing those independent germs of new indi- 
viduals of the species called sjifores and seeda. 

The f«.)rmati()n of reproductive structures bears a very interesting 
relation to the vegetative d(W’eJopmeiit. Generally speaking, the repro- 
ductive organs are only formed when the vegetative structiires have 
become healthily developed, so as to accumidate a certain amount of 
assimilated matter in the substance of the plant. We observe that many 
garden plants grown in unfavourable soil, in sliady localities, Sic, will n()t 
lloAver; and the number of years that elapse before the llowering of such 
plants as tlie Agave, Talipot Palm, &c., varies Avith the more or less 
favourable climate and soil ; moreover, in ordinary cases, the flowering 
takes place at tlie dost' of the season of groAAi;h (except AA'bere the floAvers 
emerge from buds provided for by the preA'ious year’s vegetation, as in 
Apples (Jcc., in biennial and many perennial herbs). Tliis indicates that 
vigour of the vegetative organs is a necessary condition of reproduction. 
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Further, reproduction is an exhausting process; it kills some animals: 
and excessive fruiting exhausts perennial plants. 

At the saiue time, the r(^pr(^ductive tendency and the vegetative ten- 
dency appear contrasted and opposed to each t)ther ; for reproduction is 
often retarded and r(‘p]aoed by rapid development of ^'egetative structures 
wlien plants are placed in too favourable a soil, especially wdien too freely 
supplied witli water; and rankly growing jdants are frequentlj'^ made to 
flower hy gardener’s cutting the roots, coiitining them to small pots, or 
limiting "the supply of water. 

The reproductive bodies produced hy plants are either developed at 
certain epoclis from structures originally belonging to the vegetati^e 
system, or they are formed in sp^'cial organs. In tlie lower Algje we find 
the cell^^, as those of the iilaments of (Edoffommn (fig. '005) or ISpiroijyrn 
(tig. oJ 2), originally true vegetative cells, and at a certain stage of grow th 
resolved into reprodncli-^e cells and ])rodncing aporea from their gre^ri 
contents. As W’e ris(‘ in the scale, among the Tliallopliytijs, we soon find 
special cells {Pem(yillwmy kc., tig. 1,(.') or gr«aips of cells, exclusively 
vegetative or exclusively reproductive. In tlie higher C^ryptogams, 
assemhlages of organs of various kinds ar(? formed njjon the stems, in 
wdiich are ultimately ripened the t<po7rs of tins gronj) ; wiiile in the highest 
class, the Phanerogamia, w'(‘ mei‘t with flow ers containing stamens and 
pistils, ultimately producing true .sm/.s in fruits which ar(‘ totally separated 
in almost every case' from the vegetative struct ures. 

The spores of the lugher (h-yptogams (Ferns, Mosses, ^:c.) cannot he 
properly conipare'd to the se^eds eef the Flow’ering pl.'ints (that is, morpho- 
logically), since they result from a seih's of physiological processe.s diflere^nt 
in many respects and not directly d(‘p<mdent on se^xnal agency. Willi 
regard to the spores of the Thallojdiyte-s, our knowh'dge is too imptufect 
at prt^sent to enable ns to decide in all cases upon all th(‘ liomolo^ie^s ; the 
probable relations of the diflerent kinds of struct nre ani incidentally 
spoken of in the Sections devoted to the descuijition of these plants. 

It is probable tluit K'preaentalives of two sexes, male and female, exist 
in all plants, and that these conjoin to form the rudiments of tlie lU'.w in- 
dividuals of all Cryptogams, as they do in the formation of the embryo 
in the seed of Phanerugams. But in the Thallophytt‘s the male and 
female organs are often reduced to simple masses of prot(^plasm, ^^sptuin- 
cell ” and germ-cell ” (these being associated oft(‘n in the same plant), 
bud-cells, cewir/m, &c. serving the purposes of a (‘getativ(‘ propagation : the 
exact particulars and homologies are still ohscuri*. in majiy families. 

Tlie history of reproduction of plants has been greatly studied and much 
enlarged of late years ; many important disf!Overies have been made in all 
classes; and the course ()f the processes in Jflianerogams and the leafy 
Cryptogams is now pretty well knowm. Much still rf^mains to be dis- 
covered in reference to the Thallophytes, e.specially the Fungi ; but in 
the Algte the T)rocease8 of fertilization of germ-cells by spermatic cor- 
puscles have been observed more clearly and definitely than in any 
other plants. 

Conjugation. — The simplest form of sexual reproduction is that 
known as coriingation, or the fusion of two masses of protoplasm 
the one into the other, as has been already mentioned under the 





PHYSIOLOGY. 


head of cell-formation, p. 585, and which is adverted to in the 
description of the Thallophytes. The spore resulting from such 
union is termed a zjfffoapore (Mucorini, Algnc, &c.). The conju- 
gating cells are either motionless, or, as in Botri/dium and Aceta- 
hularia^ the motile ])articles of protoplasm (zoospores provided with 
cilia) combine one with another to reproduce the plant. In other 
cases the germ particle is stationary while the sperm particle 
exhibits active movements. G-enerally both sperm particles and 
germ particles are uncovered masses of protoplasm, the cell-wall 
not being fonned around the g(^rm mass until after fertilization. 

Further details rc'latiTig to ihe various modifications observable in the 
reproductive eells ai'e giv(m in the sections relating to Cell-formation and 
to the separate natural orders of Cryptogams. 


Sect. 3. Eeprodttctioi^ of Phanerogams. 

The remarhahlo distinguishing character of this group of platits 
is tlie possession of simnens producing fioUen and of carpels ])ro- 
ducing mmles, the latter containing a large cell, the emhnfo-sac, 
within whi(di is the cferm or genninal vesicle. The S])erm-cell 
or pollen-grain falls on the stigma, elongates into a long tuh(', 
which traverses the style and comes into contact with the embryo- 
sac containing the germinal vesicle. Asa consequence of this con- 
tact, the germ-vesicle becomes a cell, and this ultimately forms an 
embryo, as de8cr^h(^d in other s(H*tions. In (TVinnosperms the 
j)ollen or spenn-cells an^ applied directly, Muthout the intervention 
oF style or stigma, to the nucleus of the ovule. The germ-cell 
hero difTers from that of AngiospcTuis, and is called the corpuscle 
(see emte, p. It is supposed to homologous with the germ- 

cell or central cell of Lycopods (p. 424). The differences in the 
development of the embryo of Gymnosperms and Angiosperms are 
treated el se wh ere. 

The formation of the reproductive organs closes the life-cycle of 
the plant either permanently, or, in the case of perennial plants, 
the periodic cycle of growth and the progeny thrown off, after 
passing through a (piiescent stage of rest, germinate afresh into a 
new perfect morphological representative of the species. 

Alternation of G-enerations. — Vegetative reproduction (agamo- 
genesls) in its varied forms and sexual reproduction (gamogenesis) 
may be manifested in the plant at the same time, or they may 
alternate one with the other ; thus the production of spores and 
the fonnation of a prothallus in Ferns is an asexual process alter- 
nating with the development of a perfect plant from the action of 
a spermatozoid in the central cell of the archegonium. Among 
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Thallophytes, as we have seen, great differences often exist in tlie 
same plant even, in both asexual and sexual inodes of reproduction, 
the plant at one time and under one set of conditions reproducing 
itself in one way, at another time and under different conditions 
in another. For practical purposes such as the investigation of 
parasitical plants detrimental to animals or to other plants, it is of 
the greatest importance to know the life-history of the plants in 
question and the conditions iiropitioiis or adverse to its several 
modes of reproduction, as with sii(*h knowledge it may be ]ios^ihle 
to devise a remedy or avert the mischief. 


Poll en-f /rains of J^hannw/ftmia. 

Sperm-cells. — Pollen-grains, the s])enn-cells of J^hancTogainia, 
correspond to the micros])ores of the heterosporons Vastnilar Cry[)- 
togamia ; their protoplasm exhibits siuqily a nucleus, with granules 
of starcli, oily matters, and other ordinary cell-contents. In tliis 
respect they approach the fertile cells of conjugating Algic. 


Structure. — In their simpl(‘st forms they are single (fells, with 
a proper (?ell-coat or intine, and an outer 
cuticular coat or extine, mostly marked 
with irregularities, forming a kind of 
pattern on the surface, som(‘times v(^ry 
elegant. In j)articular ca^^es the outcn* 
coat is laminated, so that the polhm-c'ell 
appears to have several coats. In all 
cases the outi^r coat (‘xliibits one, thrcMf, 
or many round hol(\s or slits (jHm’s) 

(hg, b()2, e), where th(‘ inner coat is 
bare ; in the pollen of Passlflora, Cucur- 
hita, «fec. there exist lid-like covtTs over 
the pores (tig. <102, c). Bands or fur- 
row^s generally passing along the long 
diamet(^r of the pollen-cell are frequent, 
varying in number according to the 
species ; but these Imnds are generally 
only visible in the dry state. 

Form and Size. — The form and size 
of pollen-grains vary very much, as may 
be observed e^en in the few examples 
here tigured; but although there may 
be a general resemblance throughout particular geiiera, and e^ (ui 
Orders, they do not often afforcl good or regular systematic cha- 
racters. They sometimes vary in different genera of the same 



i-praini 

a, Beilis \ b. Acacia lajra (rsom- 
pound {jrain) ; c, JPass^flora eairu- 
lea ; d, Bt^riploca. gresca ; c, Trade 
scantm; f, Cichorinm Intvbus; 
Epilobiutn montaimm ; h, Bathraa 
squamaria, forniitiff pollen-tnabes 
among the cells of Uie stigma. 
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order, in different species of the same genus, e. g. Viola, and 
even in the same species, e. g. Fuchsia, Primula, Mimulus, The 
most frequent cases of agreement in allied plants occur when 
they possess compouml pollen-grains (fig. 602, h, d), consisting 
of a number of pollen-cells permanently coherent together. 
The most striking cases of this are those offered so abundantly 
in Orchidaceae and Asclopiada(*ete as to form valuable systematic 
characters in these Orders. These 2 ^oUen-niasses or poUinia con- 
sist either of the entire mass of pollen of an anther-cell, or of a 
half, quarter, eighth, or smaller fraction, so numerous in some 
genera as to appear like granules merely coarser than ordinary 
pulverulent pollen. 

Formation of Pollen. — Tlie existonco of pollen-mapses and compound 
grains is rc'adily acjcouiited for by the history of the development of 
poll(‘n, which agrees in tlie main points with that of the spores of Mosses 
t'cc. (p. 421)). The ])arenchyma in the central region of each lobe of a young 
anther presents two perpendicular rows of cells, corr(‘sponding to each 
of the four primary loculi, different in charact(‘r from those which 
ar(^ to form the walls. The ceUs in tliese series inulti])ly by division to a 
e.onsiderable extent ; and ultimatelv each forms a fret' cell from its whole 
contents — the part'iit C(‘ll of the pollen. I'hest* arc‘ set fi*ee hy solution of 
the walls of the parentdiyniatous framework in which they have been de- 
veloped, and they then lie as loose cells in the loculi or chambers of the 
anther thus formed, l^lacli parent cell divides into four (diamhers ; and 
each of these chambers (special parent cells) produces a pollen-cell, in the 
cas(‘ of siin])le pollen-gi-ains std. fr(‘(‘ hy the solution of tlie special partmt 
cell. In quaternary pollen (fig. 602, d) the inenihranes of the special 
parent cells ari' not dissolved, and thus tlie pollen-cells are held together 
111 fours; and the more complex conditions arise' from the, membranes of 
the parent cells of anterior stages persisting sufHeb'ntly to hold their pro- 
geny tog(?ther. Tlu^ mode of formation of the pollen in the special parent 
cells is by some attributed to cell-division ; but the more generally adopted 
view is that it is formed hy frec'-cell formation. The nucleus of the 
parent cell divides into two ; between tliese tw^o a quantity of granules of 
])rotoplasm are aggregated togellier in a direction across the parent cell : 
these jrranules are suddenly seen to be dividt'd by a lino, the first indica- 
tion of the cell-wall befAveen the two cells so produced; these two again 
subdivide ; and thus four pollen-cells are ultimately found in one parent 
cell. The pollen-masses of the Asclepiadnceie, and perhaps of some 
Orchidacea), result from a different process: in these the outer layers of 
the primary parent cells do not develop cells in their interior, but become 
conjoined into a cellular pellicle forming a sac or purse enclosing all the 
])ollen-grain8 formed within. 

The pollen-cells acquire their cuticular coat after they have become 
free ; but part of the material of tliis structure appears to Ibe derived from 
the dissolved membranes of tlie parent cells. 

Zostet'a presents a remarkable exception to the usual character of pol- 
len-grains, the cells here having the form of short cylindrical filaments 
with but one coat, L e. without a cuticular layer. In these a rotation 
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(p. 540) of the cell-contents may be observed, which is likewise occasion- 
ally to be soon in recently formed poUeii-tnbes of other plants. The 
minute starch-grains of the cell-contents are noticeable as exhibiting a 
molecular motion, which was at one time imagined to be of vital cha- 
racto]*, and might lead the inexperienced to suspect the existence of 
minute spermatozoids. 

Examination of Pollen. — Pollon-graina should be examined first as 
dry or opaque objects, as their form and dimensions are altered by en- 
dosmosis when immersed in fluids. Oil of cloves, syru]), glycerine, or 
tiaphtha arc convenient fluids for examining pollen. A. large mimber of 
pollen-cells, illustrative of tludr form and size, are given in the ^ (dardeiiers 
Chronicle/ 1<S7(), pj). 51 U and 548. The discrepancies in the descriptions 
given by vaiious antliors depend on the conditions under whicli the pollen 
is examined. In the anther, and immediately afttn* expansion, it is gene- 
I'ally globular, but it often spet^dily assunnts quite a diilin-eiit shape. When 
the ])()ll(m is transpoi-ted by the wind, it often hap})(^ns tliat the flowers 
are relatively unattractive, and tln» individual polhm-cells iclatively small 
and smooth. In ins<H!t-ft‘rtiliz<‘d HoW(‘rs, on the otlier hand, the flowers 
are attraetivii and the pollen s]»iny or furrowed (Bennett). Too much 
stresq liowever, must not be laid on this point. 

Pollen-gntim of 0 ymnospannid, 

'l^ho pollen-grains of the Oymnospermia present a modification 
of tlie structure above described. They are not simp](3 cells, but 
produce m their cavity, even before they are discharged from the 
aiitJier, minute daughter cells, from one of whieli f he polieii-tube 
is developed, and adlau'ent to that side of the pollen-grain wliere 
the slit exists in the outer membrane. This formation is analogous 
to what is seen in the microspores of oAla^ wliich in like 

manner pi’oduce a rudimentary (p. 425). 

According to Schacht, in Toxus and Cujfreasus the p(illon-c(41 only di- 
vides so as to form two unequal portion.'^, of wliicli the largm' develops 
into the pollen-tube. In Larix and Ahies (fig. G0‘>) tlie pollen-grains appear 
to consist of a central and two lateral cells of diflerent appearance to the 
central cell. These Lateral projections are often finely reticulated, and 
are mere vesicular protrusions of the ex tine. The central body is the true 
pollen-cell, in which cell-division goes on, as in the cas(‘ of (Mprmms above 
mentioned, but with the difftutmee that three or four daughler colls of 
unequal size are produced instead of one, the uppermost and largest of 
these new formations being developed into the pollen-tube, wdiieh passes 
through a rent in the extine, the other forming a kind of suspensor. 
Strasburger dissents from this view, and says that there are never more 
than two cells, the one marked q being a simple fissure or rent. The 
pollen-tube, according to liim, is the result of a protrusion of the intine 
and not of the -whole cell. 

Tchistiakoffs researches into the mode of formation of the pollen of 
Conifers are remarkable as sho-wing varying degrees of complexity and of 
transition between the formation of new ceUs by division and the process 

2 s 
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Fig. 603. 
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of free-cell formation ; and they establish an homology with the mother cells 
of the antherozoids of Cryptogams. The processes 
are somewhat complex ; but if the lamination of 
the cuticle and cell-wall be borne in mind (p. 520), 
and the differentiation of tlie protoplasm into por- 
tions of varying density (p. 495) and crystalloid 
form be remembered, the stages of the ; process 
will be more readily understood by the student. 

Tchistiakoff‘’H res('arches show that tlic pollen 
of these plants is divisible into two groups, those 
with and those without vesicular protrusions 
or air-bladders. In both cases llu^ mode* of foi- 
mation of the (‘xtine is identical. In both cases 
it consists of two layers; but where there' are no 

air-bladders the twu) layers of extine are formed 

.simultaneously. In the opposite case tlu'y ani p^nen of Si^ruro Fir, nftrr 
formed in .succession, there being at tir.st between ^ • ■ ■ • ■ • ’ 

the two an interspace tilled with g('latinous fluid, 
which absorbs much rvator by endosmosis. The 
inter.space.s th(u‘(4()re become much di.stendt‘d, 
and ultimately form the air-hladd(*r.s attached to 
th(^ grain, the fluid content.s disappearing. The 
net-like markings on these bladders are due to 
the remains of protoplasmic threads adh(‘rent 
to the extiinn As to the division of the poUen-cc'lls and formation of a 
anale prothallus, M. Tclh.stiakotr admits three typ(*s: — 1 , that of Ci(pnmv$ 
and (4her geiuu'a; 2, that of Larlr S:c.; 3, that of Ahies &c. In all case.s 
the starch in the cells becomes dissolved, 1 he cell-wall (inline) swells up 
and becomes more hygroscopic, so that by its di.*<tention it throws of! Ihe 
ciiticular extine, when the pollen-tubes begin to grow or gt'rrninate. 
While these changes in the intiuo are taking place, the outermost por- 
tion of the protoplasm be(M)ines developed into a sf'psrate layer of gloludes 
or crystalloid nm.ssos surrounding tlio wdule or oidy a ]i()vtion of tlui 
plasma or ci'll-con tents. The fomiatioii of the new- ct'lls may take place 
.simultaiK'ously with, or after, the differentiation c»f this peripheral layer 
of protopla.sm, which, in the latter cast?, takes no part in the division. 

lu the Cftpn‘,ssHs or Tlwja ty'pe, the ptdlen-cells (dther do not divide, or 
each divides into twui cells. The starch is dissolved, the nucleus divides 


8c*Ti!icht: hi, the vesionhir 
protriiHions of the extino ; o, 
tile extino ; //, the apif'^il cell, 
which cl<‘veli>pH into the pol- 
len-ttibe; i, (h<* intine; q, 
tlu' low<irmopt cell of tlui 
male prothiillus in eontaet 
with the inti no (necorclingf 
to Straw bnrfj:er, tbis is no 
cell but iiUTely a flsHiire). 


into tw^o : of these, one becomes more hoin<*geaeous, denser, and more 
transparent than the other, and resembles the homogeneous beak of the 
zoospores of Algfc. Iloth may he sun’ounded by the layer of protoplasmic 
globules just described, or one only. 

In the Larir type, instead of tw^o subdivisions of the plasma only, the 
txvo first formed divide again. In the case of the last subdivision a por- 
tion of tho plasma becomes denser and more homogeneous, as in the 
former case. In Pimis two or three subdivisions take place, the cells so 
formed constituting a suspensm'j tlio cell-division being preceded by 
changes in the protoplasm, as in the case of Thvja, The third cell is 
formed subsequently to the others, and is of a hemi.spherical form, sepa- 
rated by a partition from the second cell of tlie suspemsor, but haydng no 
direct conimunication with the cell-wall or intine ; nevertheless the mode 
of formation of the partition is the same- That portion of the protoplasm 
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in contact with the partition separating it from the second cell of the sus- 
peiisor now secretes a cell-wall over the hemispherical portion of dense 
homogeneous protoplasm found in that situation, and the new cell is 
fonned. 

In the Ahie$ typo the two first cells of the suspensor are formed as 
above indicated ; * but tlie third is formed by true free-cell formation, and 
is quite detaclied from the suspensor. In tlui early stages it is like that of 
but subsequently it may become complettdy isolated and divided 
into secondary and tertiary subdi\dsions, often in a spiral direction. In 
the germination of the pollen-tube, the intine of the larger of the two 
cells into which the ])nmitive one dividtss alone forujs the tube. In Tvtim 
there may be more than one pollen-tube, in either case \ ery large. In it 
is sometimes formed, by free-cell formation around a nucleus, a large cell, 
which becomes ultimately liberated by the absorption of the walls of the 
pollen-tube. 

The iKuv cells form<‘d by freiscell formation and attached to the sus- 
ptuisor, as well as those formed freely in the ])ollen-tube ii] the course of 
its formation, are to be consideivd, according to this author, as the rudi- 
ments of the mother cells of the antherozend, the presence of which 
Il(»fm<'ister had prtniously susp<Hcted. 7’he cells of the suspensor cor- 
respond precisely to the (jells of the mal(3 prothallus of IsoHes. 

In tho Phanerogams, w'hen a pollen-grain falls upon a in 

ii-s pro[)er or “ rectqitivo ” state (known by the preseiu'-o of a sac- 
charine H(HTelion), tlie inner coat is protruded in tlu^ form of a 
blind pouch (fig. (502, h) from one or morcj of the pores or slits 
of the pollen-ecdi itself, and, nourislK^d by the stigmatic socr(3tions, 
grows into a tube of gn^at tenuity, wliich mnJuiS its way through 
tlie loose stigmatic cells, and passes down the canal of tho style 
into the cavity of the ovary, theu'e following the course of the pla- 
centas wh(*n tlie ovules are numerous. 

In the (lyinnos perms the pollen-graims fall at once upon the 
ovules and pass into the micropyle, sending down their pollen- 
tubes (here developed from one of tluj daughter c(dls, whidi p(3ne- 
trate through the proper coat of the polleu-ctdl) iiito the sub- 
stance of the nucleus of the ovidc, towards the deep-seated 
embryo-sac. 

The formation of imperfect pollen-tubes may sometimes he caused by 
placing pollen-graiua in syrupy fluids; but when tli(\v iire placed in dilute 
sulphuric acid &c. the extrusion of the inner coat wliich results is mostly 
a process of mechanical expansion, and the pr(\jecting pouches soon burst 
and discharge the contents of the cell, owing to endosmotic action. 

Ovules of PJutnerogamia. 

The ovules of Phanerogamia are all constructed according to 
some modification of one general plan, which has been already 
described (p. 137). In the succeeding paragraphs some further 
details as to its history may be given. 
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Ovules of Gymnospermia. 

The ovules of the Gymnospernis, Piiiacea^ and their allies and 
Cycadaceao, are produced upon open carpels, so that the pollen- 
grains have direct access to the micro|)yle (fig. 607, A, a). In 
l^inus t's^'o of these occur at the base of the carpellary scale. Each 
consists of a nucleus (or niacrosporauge) with only a single inte- 
gument (fig. 605, A). Tn this first figure the pi’iniary embryo-sac, 
or “ macrospore,’’ is represented in the centre as still very small. 
Before the pollen-grains tail on the micropyle of the ovule, the 

Eig-. 604. Pig. 605. 



lijj, (304. Diayraniiiifltic* st'ftion of an ovule: nucleus; 6, etubryo-sac ; inner coat outer 
"CV /inr chalaza; funiculus. 

xig. oOo, Young ovules of jPiuuti. A. V<*rtieal section at the time when the primary embryo- 
sac IS a small cell in the eeiitre of the nucleus; w, micropj Je. 11. Section of an 
olaer ovule : w, micropyle with two pollen-grains on the apex ot the nucleus; e, 
the primary embryo-sae filled with cellular tissue. Mugn. »0 diam. 


einhryo-sac becomes filled up, by free-cell formation, with delicate 
cellular tissue (endospt'im-cells), which soon disapjicar, to be re- 
placed by a fresh develo])imuit at a subsetjuent jieriod. This en- 
dosperm is the leniale [)rothalhis. Pig. 605, 13, represents a section 
of an ovule with an euibryo-sac (c) filled up in this way, and two 
pollen-grains which have penetrated into the micropyle (m) pushing 
their polh'u-tubes into the substance of the nucleus. 

In the upper part of the mass of the last formed endosperm (c), 
from five to eight cells are found to expand mort? than the rest, 
lorming secondary cmhryo'-scics or corj^itsnda. 1 hese are not formed 
in tlio 8ni)erticial cells of e, Imt from cells of the second layer, so 
that each is separated from the membrane of the primary embryo- 
sac by one cell (fig. 606, A) These corjjuscula, as they were called 
by -lioK'rt Brown, their discoverer, are very much like the arche- 
goina in the internai prothalliuin structure of l^elayhiella. After 
a tinu) the secondary embryo-sacs divide into an upper or neclc-celly 
and a low er or central cell, egy or oosphere. The neck-cell speedily 



OVULES OP GYMNOSPERMIA. 


C29 


divides and subdivides to form the rosette^ which surmounts the 
central cell, lii the upptir part of this latter is then fonned, from 
subdivision of the nucleus, a very delicate cell, which is called the 
canal-edL The mature corpuscle therefore cousists of a large 
central cell surmounted by a rosette of small ctdls placed immedi- 
ately beneath tlie wall of the primary embryo- sac, or separated 
from it by a funiiel-sliaped space. The pollen-tube, after remain- 
ing passive for a variable space of time, takes on active growth, 
i-raverses the endosix^rm, and arrives at the em])ryo-snc ])y the time 
the corpusciila are developed. It peiictratos t;he wall of the em- 
bryo-sac, cutlers into and dilates the fuiuiel-shapiHl space just 
mentioned, passes (Iovmj between the c(bls of t!ie rosettes, pushing 
tljeiri on one side {T<uine<f\ or causing lb(‘ir absorp- 

tion and disappearance {Ahieti nav) as well as that of the carmWtU^ 
and linally ]xmetrate8 into the cavity of the central coll. The 
changes which taki^ ]dace in this lattm* are, according to Stras- 
burger, these; — disapj>caranc(^ of the, original nuchais, and forma- 
tion of four to eight new nuclei by cojubnisation of the protoplasm 
and subs(*f]uent secretion of a cellulose wall aroinid them. In this 


Fig. 600. 



Dovelopmont of embryo hi Conifer® (Phivu): A, upper pnrt of the enibryo-sac, with two 
cvrpuf>cnla or ; }{, the Kanu* more advanced, fb^^ ri^d)t-liand one with apollen- 

iubc (p f ) in its canal and g('rrninal corjaisdcs [a) at the bast* ; C, 1), K, sueecBsive atagtirt 
of devcb>pmcnt of a. in JJ ; F, (i, H, di!velo)>un*ntof ihcrsc, cclla into HUB)>cn8orB, at the end 
of one of wliich tlje embryo is produced, ahown in I {em). Magu. lOO diam. 

way four to eight new cells are formed by free-cell formation in 
the central cell after fertilization ; these now cells divide so as to 
form cellular filaments, which break out through the bottom of the 
endosperm into tluj substance of tlie niK’leus (fig. GOG, F, G-, Jl). 
At the ends of these filaments cell-di\ision again occurs (1) ; and 
from the apex of one of these Siujmmrrs or 2')roemhri/os is developed, 
by repeated cell-division in various directions, the embryo (1, em). 
At one stage (in Thuja) a single apical cell, the terminal one of a 
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group of five, from which ultiinately all the tissues of the embryo 
are formed, recalls the single apical cell of Cryptogams, but it is 
soon lost by subdivision. As there are several corpuscles, and 
each produces four suspensors, a large number of rudimentary em- 
bryos are developed ; but usually only one of all these rudiments 
is perfected. 

That embryo which is fully developed gradually increases in 


size, and most of the structures 
above d<iscribod disappear, so 
that the ripe H(M‘d exlnliits a sin- 
gle embryo im])ed(le(l in a mass 
of endosperm or albumen (fig. 
607, D), tbe bitter originating 
apparently from tlu' nucleus of 
the ovub^. The radi(de is covered 
by which is intimately 
blendtjd with the substance of the 
endosperm. 

The phenomena pu'sent ed in other 
I’iiiaceae, in TaocuH^ and in the Cy- 
cadaciMO agree hi most of the essen- 
tial particulars. Tliere appear to he 
some curious peculiariticis in the 
CnotaceK'fi, which are not yet com- 
pletely made out. In Wehoiischiay 
whose anomalous structure has heen d 
sacs grow out of the primary embryo 


Fig. 607. 



Pinvs tiy/veftirift. A . Carpel with two nuked 
ovuIom; o, iuii!i*oi)yle. Jj. Carpellary scale 
of ripe Cl me, W'itli seeds (a). C. A seed 
Bepu rated (a), having a wing-like process, 
n. Vortical section of the seed (C, a). E. 
Young plant from germinated seed. 

escribed at pp. 137, 303, the embryo- 
■sac 


Ovules of Aiujiospeniiia, 

Tbe early history of the ovules of this group is analogous to 
that of the ovules of Gymnosperms, eiicepting in the particular 
that they arise from tlie placentas existing in closed ovaries in- 
stead of being developed upon the exposed surfaces of open carpels. 

The ovules arise from the placentas as minute cellular papillae 
(fig. 608), which gradually take form, and exhibit the regions and the 
modifications of their arrangement described in an earlier section. 

The annexed drawing (fig. 609) — actual views, drawn to a scale, of the 
development of the minute ovules of Orchis — illustrates the gradual for- 
mation of the coats, &c. Fig. (>09, represents a young ovule projecting 
out from the placenta, before it has become anatropous ; the nucleus here 
consists merely of the embryo-sac surrounded by a single layer of cells, 

* For further delads, which the restrictions imposed by tbe size of this 
Tolume forbid us to enter upon, tlie student should consult Strasburger’s 
‘Befruohtung bei den Coniferen,’ bis ‘ Coniferen und Gnetaceen,’ and especially 
his treatise ‘ Zellbildung und Zelltbeilung.* 
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wliich layer is absorbed as the ovule grows (<?, so that the embryo-sac 
constitutes tlie whole nucleus of this ovule. In a the inner integument 
partially encloses the nucleus j in h the outer integument has grown up 
over this to a certain extent; and both are still more developed in c, 
w^here the inner coat has covered up the nucleus (leaving the endodomcy 
p. 137), but itself projects from the outer coat. In d the outer coat has 



Fij;. OOrt. Ovuloe, Hhowinj^ gradual Ibrjiiatiuii of coalH ovnr tlio nuclrim and ju’ogroH.sivc rur- 
vafcnrc. 

Fig. 009. Devrloimiont of tho ov’uli* of Orchis Mario: a, a young ovulo, with tliO nuel«*U8 
projefting from the inner coat; 6, an older ovule becoming anatro])OUS, with the 
outer coat growing up over the inner; c, section of a more advanced ovule; d, 
B(*ction of an ovule with th<^ i>olleii-tubo (;?/) i)a8sing down the inicropylc, and 
in contact with tlu' (‘mbryu-suc; an embryo-sac extracted, with three germinal 
corjuisc'les ; g, another, with the end of a j>ollen-tube adlierent. Magn. about 
lUO diam. 


grown up over the inner, and the micropyle or foramen (p. 137) consists 
of a wide exostonie find a narrow endostomo, into which the pollen-tube 
(/> i) has penetrated. 

Ovules are seldom so small, or composed of so few cells, as the fore- 
going ; more frefpiently thij nucleus is a cellular mass of some size, and 
the coats are composed of several strata of cells. The outer coat is the 
primine^ the inner the secundine, of Mirbol. 

At the epoch when the pollen is scattered from the anthers, the 
ovule presents the characters which are illustrated in lig. 610, 
w^liich represents the aiiatropous ovule of the garden Hyacinth. 
The nucleus (fig. 61 0, n) is surrounded (in this case) by tw^o coats 
(s & pf w^hich are perforated above by a canal, the micropyle (m) ; 
at the base of the nucleus is the chalazal region (c), whence the 
integuments (s &p) arise, and where the rcq^ie (r), with its spiral 
vessels, ends. In the centre of the nucleus is a long sac (e s), the 
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6mbryo-sac. It is a large cell, filled 
with watery fiuid and protoplasm, and 
contains at its summit the germinal 
corpuscles (e v), globular or oval masses 
of protoplasm, one of which becomes 
the germinal vesicle. 

Some authors assert that these corpuscles 
are cells before impregnation; hut we hold 
that they are merely corpuscles of proto- 
plasm, or rather free primordial utricles 
(p. 496), like the unfertilized spores of Fuous 
(p. 443). In fig. 612, A, e v, is shown the 
condition before fertilization in Santalum. 
Most observers consider that the genninal 
vesicles exist before fecundation ; but Tu- 
lasne inclines to the belief that they are the 
first results of that process. In some cases, 
at the bottom of the embryo-sac, small cells 
(antipodal cells) have been seen, which are 
formed before the germinal corpuscles by 
free-cell formation, have only a temporary 
existence, and disappear after fertilization. 
The purport of these cells is not known. 


Fig. 610. 



Vertical section of the ovule of the 
^mrden Hyacinth, just before 
impregnation : y, funiculus ; r, 
ra}^)he ; c, chalazsa ; n, nucleus ; 
B, inner integument; jp, outer 
integument ; m, mioropyle ; 
embryo- sac ; germinal cor- 
puscles, one of which gives origin 
to the embryo. Magn. 25 diam. 


Embryo~sac. — The embryo-sac is usually solitary, but in 
Crucifers there are several, one of which alone becomes fertilized. 
It exhibits different modes of development 
in different Orders of plants. In the Fig. 611. 


OrchidaceaB the cell which constitutes the 
embryo-sac (fig. GO 9) very soon oblite- 
rates the surrounding cells, here a single 
layer, and comes to form the entire nucleus 
(c, c?, e,‘/). In the Compositae an analogous 
condition is met with. In the Leguminosa) 
the embryo-sac sometimes expands so much 
as to cause the absorption of the inner 
integument even before fertilization. In 
(xymnosperms the embryo-sac remains sur- 
rounded by layers of cells belonging to the 
nucleus till after fertilization has taken 
place. 

The embryo-sac often only occupies a 
moderate part of the nucleus (fig. 610), 
and may then be a simple cylin^cal or 
oval sac, or run out into pouches or diverti- 
cula^ as occurs especially in Scrophulariacese. 
A remarkable condition occurs in Santalocess, 



V erticaljBeotion of the ovary, 
containing one ovule, of 
CarduuB: b, base of the 
canal of Uie style ; o, body 
of the ovule; pt, bundle 
of pollen-tuboSi descend- 
ing from the stigma; bb. 
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where the apex of the embryo-sac grows out from the micropyle to 
meet the pollen-tubes, and in such plants as Ephedra or Welwitschia^ 
wherein the coat of the ovule is prolonged into a styliform process. 
In Santalum alhvm and same other plants the embryo is developed 
entirely outside the nucleus, in the protruded part of the sac. 
Schacht says that the embryonic vesicles in Bantalum^ Croom^ and 
a few other genera, are much elongated ; the lower end becomes 
rounded ofE into a cell, while the other end projects beyond the 
embryo-sac into a slender tubular prolongation into the micropyle. 
The sides of this are striated and gave rise to the appellation fiUform 
appendage^ which is considered by Strasburger to correspond with 
the canal-cell of Cryptogams. It is not clear whether the protru- 
sion just alluded to is reall}'^ from the embryo-sac or from the 
germinal vesicle. . 

Passage of the Pollen-tubes. — ^When the pollen-tubes are formed 
in the stigma they gradually elongate by growth at the apex into 
tubes which pass down the canal of the style when this exists, the 
latter being sometimes several inches long. The time occupied in 
this growth varies from a few hours to several weeks. In the 
Hazel-nut and other similar plants the pollen falls on the stigma 
in spring before the ovules are even foimied. The pollen-tubes 
derive their sustenance from the tissues through which they pass, 
and mostly die away above as they grow below ; and the stigma 
withers soon after the pollen-tubes have penetrated. 

It is remarkable that the stigma remains fresh for a considerable time 
in unfertilized ovaries ; and in the occasional cases of development of an 
unfertilized ovule, which has been observed in some dioecious plants, as 
Conlehoyyne, Hemp, Mei'curialis, &c., the stigma does not wither. 

Pollen-tubes. — The pollen-tubes are exceedingly minute, the diameter 
averaging from or of an inch. But Amici estimated the 
number of pollen-tubes foimed from the pollen-masses of Orchis Morio 
at 120,000. Experiments have shown, however, that, under favourable 
circumstances, a very few pollen-grains suffice for even a many-ovuled 
ovary. Kblreuter found that when 25 pollen-grains were placed on the 
stigma of Hibiscus Trionum, 10-16 ovules were developed; with 60 or 
00 grains, above 30 ovules ; and 1,2, or 3 at the most sufficed for the 
single ovules of Mirahilis Jcdapa and M. lonyijlora. 

The bundle of pollen-tubes proceeding from the style is distributed in 
fractions, or partim bundles, to the placentas, when several of these exist. 
The pollen-tubes make their way to the points of the ovules (figs. 611, 
p & 609, dj p <), and one or two enter the micropyle of each. Gene- 
rally speaking, the tube ceases to elongate when it reaches the outer sur- 
face of the apex of the embryo-sac. Sometimes it runs onwards a little 
way (fig. 60&, often depressing the membrane of the embryo-sac a 
little. According to Ilofmeister, it actually breaks through into the 
embryo-sac in Canna. In all cases it contracts a firm adherence, and 
possibly a kind of conjugation takes place ^fig. 612, B). The end of the 
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pollen-tube is alwa 3 n 5 intact and without visible apertures. It never con- 
tains any cellular formation within it. 

The arrival o£ the pollen-tube upon the surface of the embryo- 


Fig. 612. Fig. 613. 



Fig. 612. Apex of the embryo-aao of Santahm album: A, just before impregnation; B, with 
the pollen-tube (p t) adherent, and a oelluloBe membrane upon the germinal oeU 
(ev), Magn. 400 diam. . o ^ 

Fig. 613. Development of the embryo and seed of Tefraffonolobui purpurmf. A, Bemon oi a 
seed Boon after fertilisation: e, embryo, in the upper end of a a, the embryo-Bao, 
which in this stage is all thatremaans of the nucleus ; i i, internal integument ; « *, 
external integument; a i!, epidermal layer ; m, mitaropyle ; c, chalasa; r, raphe ; 
fnniculuB. B. Section of half-ripe seed, with internal integument 
the embryo-Bao filled with endosperm-cells : co, cotyledon ; m, radicle of the em- 
bryo ; hi, hilum ; other references as in A. (This section represents a 
which is permanent in albuminous seeds.) C. Section of a ripe seed, in which the 
growth of the embiyo has obliterated the endosperm, and the seed conMSta merely 
of embryo and testa ; the latter is composed of the persistent external integument 
with its epidermal layer. 

sac is followed by the development of one (rarely, of more) of the 
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germinal corpuscles (fig. 612, A, e v) into the germinal cell (fig, 
612, B, ev). 

In OrohiSf two of the corpuscles are sotnetimes developed into embryos. 
In dtrusj as may be readily observed in Orange-pips, two embryos are 
very frequently formed in the seed. 

Development of the Embryo, — ^The development of the germinal 
cell into the embryo exhibits some variations in different cases. 
Most frequently the cell divides transversely, and the upper cell 
often elongates (sometimes dividing again by septa) so as to form 
a l;ubiilar confervoid filament, jyroemhryo or smjyemor^ hanging 
from the top of the embryo-sac, and bearing at its lower end the 
true embryonal cell, which soon divides transversely and lengthwise 
into a more or less globose mass of cells, which are ultimately 
shaped into a mono- or dicotyledonous embryo. This suspensor is 
seen especially in Cruciferae, Scrophulariaceae, &c. ; it is a single 
globular cell ii> Fotamogeton, In Zea, Fritillaria, &c. the germinal 
cell does not elongate at all. In Orchis the susjgensor grows out 
from the micropyle. 

Changes in the Ovule during Fertilization. — ^Different changes 
are undergone by the parts of the ovule during the development of 
the embryo (fig. 613). In aperispermic seeds the embryo in its 
growth destroys all trace of the nucleus, and in the ripe seed lies 
immediately within the coats. In seeds with endosperm the com- 
monest condition is for the embryo-sac to become filled with 
cells which are moulded over the embryo internally, and to expand 
externally until the surrounding tissue of the nucleus disappears, 
or remains only as an element in the coats of the seed. The tissue 
developed in the embryo-sac forms the endosperm. In PiperacesB, 
IVymphaDacese, and a few other cases a double perisperm is formed, 
endosperm being formed both inside and outside the embryo-sac, 
the latter being developed from the tissue of the nucleus. 

No rules can be given for the homoloeies of the coats ” of the seed— 
the testa and tegmm or endopleura , — ^vdiich are formed either from the 
primine and secundine, or from these and the nucleus — ^and sometimes from 
one alone of them, its tissues undergoing a different development in dif- 
ferent layers, 

Fertilization, 

The existence of distinct sexes in plants was inferred by Lmnseus 
from certain arrang^ements which he described, and which would fa- 
vour the process of fertilization, though it was soon seen that in many 
instances, as in the case of bisexual plants, the agency of the wind 
or of insects was required to convey the pollen to the stigma. Ex- 
cept in the instances just alluded to, it was the general opinion that 
self-fertilization was the rule in hermaphrodite flou ers, e. that 
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the stamens of any given flower, shed their pollen on the stigma 
of the same flower. Sprengel, however, and recently Darwin, have 
done much to prove that though a flower may be structurally her- 
maphrodite, it is usually functionally bisexual, and that a greater 
number of healthy seeds are produced when a cross-fertilization 
between the stamens of one flower and the pistil of another flower 
of the same species is effected. Darwin even states that in those 
cases where self-fertilization is the rule, a cross occasionally occurs. 


Fig. 614. 





Polyanthus t a, s 

excluded; I, 

mens inoluded. (Seen in section.) 


Heterogronoua flowers. — The facts just mentioned may be Olustrated by 
the case of the common Primrose, the 
flowers of which are dimorphic or hetero- 
styled : in some the stamens are long and 
protrude beyond the corolla; in others 
the style is long and projecting, while the 
stamens are concealed within the corolla. 

Asa Gray, in order to emphasize the fact 
that the "diflerences just alluded to are in 
the andrcecium and gynaecium, and not 
in the floral envelopes, or in one set of 
sexual envelopes, only proposes the term 
heterogbm for such flowers. The most 
complete fertility ensues, i. e. the greatest 
number of fertile seeds is formed, 
when pollen from the long stamens is 
made (by insect agency or otherwise) 
to pass, not on to the short style of the 
same flower, hut on to the long style of 
another flower. Other plants, such as 
Lythrum Salicaria, are trimorphic, having styles and stamens of three dif- 
ferent lengths. Reciprocal fertilization is possible between any two of 
these; hut the most perfect or legitimate fertilization occurs when the 
style of one flower is impregnated with pollen from a stamen of equal 
length with itself belonging to another nower. Fertilization occurring 
between stamens and pistils of different lengths is called illegitimate, 

Mr. Darwin’s experiments show that a similar difference in the degree 
of fertility exists in the case of the illeptimate unions of heterogonous 
flowers, as contrasted with legitimate unions between flowers of the same 
species, as is manifest between hybrid imions between two distinct species. 
For instance, there is the same or a similar diflficulty in effecting a fertile 
union between different sexual forms of the same species, between a short- 
stamened and a long-styled Primrose, for instance, as there is in effecting 
a union between two distinct species. The union may take place, hut it 
will be either infertile, or the number of seeds and the vigour of the seed- 
lings will be diminished. Hybrids, then, may exist not only between two 
species, hut even between differently constituted individuals of the same 
species. Sterflity of hybrids, then, is an uncertain distinctive mark of 
sp^es. Col. Clarke has even shown that the hybrid between two genera, 
MUena and Jsmeaia, is fertile, Mr. Darwin admits two subdiviaohs of 
heteaphrodite plants, viz. : — 1, heterostyled or ditrimorphic flowers, as in 
the Pnmrose; and 2, cleittogandc^ flowers, or flowers adapted expressly 
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for self-fertilization, inasmucli as the flowers either do not expand or their 
buds are inconspicuous, and thus offer no attractions to insects. Such 
flowers are very common on Violets, though commonly overlooked. They 
yield more numerous seeds than the brighter-coloured flowers. 

Mormcimis plants like the Hazel, which have the sexes in different 
flowers on the same plant, may be subdivided into two classes, according 
as the anthers are ripe before the pistil, or vice the object clearly 
being to favour the cross-fertilization of different plants. Many herma- 
phrodite (structurally) flowers are organized in a similar manner. 

Dioecious plants, or those with the flowers of the two sexes on different 
plants, must necessarily be cross fertilized, and, as we have just seen, many 
plants structurally monoecious are rendered practically dioecious by the 
different times at which the stamens and pistns Respectively come to ma- 
turity. Among dioecious plants the difterence between the sexes is some- 
times remarkably great : thus among Restiaceee, sedge-like weeds of Aus- 
tralia and the Cape, it sometimes happens that the male and female plants 
of the same species are so diflerent that the female much more closely 
resembles the male of a totally different genus than it does the male of 
its own species. Of course this applies only to the general habit and ap- 

S Barance of the stem and foliage, and not to the intimate structure of the 
owers. Lastly, we come to polygamom flowers, which Mr. Darwin 
divides into two sub^oups, according as the three sexual forms are 
found on the same individual or on distinct plants. Of the latter case the 
Ash is an example ; some trees bear in some seasons male flowers only, 
others female flowers only, and others hermaphrodite blossoms. The Asn^ 
then, may be classed as tricecious. On the otner hand the common Maple 
bears all three sorts of flowers on the same tree, and is thus monoecioiisly 
polygamous, Other polygamous plants may be grouped into gyno^her^ 
maphroditesj inasmuch as they exist under two f onns — one of which bears 
female flowers only, the other hermaphrodite flowers, as in the common 
Thyme. Some of the Chenopodiums bear on the same plant hermaphro- 
dite and female flowers, and may therefore be called gyno-mimoedom. On 
the other hand there are andro^monoedom '' plants, or plants bearing on 
the same individual male flowers and hermaphrodite flowers, in some 
species of Galium, No case seems to be known of andro-dioedom plants, 
or plants producing hermaphrodite flowers on one individual, and males 
on another. 

In the case of the sexually dimorphic flowers the pollen-cells are some- 
times different in size in the long and short stamens respectively. At 
other times no such difference can be detected, and, as a rule, there is no 
relation between the size of the pollen and the length of the style. 

Heterogenous flowers are still the exception. Mr. Darwin points out 
that flowers already adapted by their structure for cross^fertilization 
by insect agency do not need to become heterogonous ; hence, so far as is 
known, there are no heterogonous flowers in Orchids, Labiates, Legumi- 
nosee, and other large orders, the conformation of whose flowers is adap- 
ted to insect agency. 

Though cross-fertilization is thus shown to be advantageous and very 
general, yet there are some eases where eyeiy adaptation seems to be 
made with the view of securing self-fertilization, as in the ddstogamic 
flowers, above referred to. In Domheya the staminodes or sterile sta- 
mens are longer than the fertile ones, and a^e endowed with a power 
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80 at to eeiiii^ ooistsiet mth the fertile stamens, yrhose anthers open 
outwardly* & this manner the staminodes become dusted with pollen, 
and then become uncoiled, assume an erect position, so as to come into 
contact with the stigma, whose curling lobes twist round them and receive 
jpolen from them. 

BSldebrand gives the following arrangement of the distribution of 
sexual relations in flowering plants : — 

A- Male and female o]^ans in difierent flowers (diclinous) ; self-fertiliza- 
tion consequently impossible, and fore^n impregnation, accomplished 
by insect agency or wdnd, indispensable. Under this head are in- 
cluded the flowers of dioecious and moncecious plants. 

B. Male and female organs in the same flower (monocHnous). 

1. One sex developed before the other (dtchoffamous). Those flowers 

in which the male organs reach maturity before the female ones are 
called protandrouSf and those in which the female reach maturity 
before the male protogymms ; self -impregnation is thus naturally 
prevented, and fertilization is accomplished by insect agency. 

2. Both sexes developed at the same time. 
a. Flowers opening. 

i. Anthers remote from the stigma. 

A. Length of style on different individuals of the same species 

diverse (Jleterostylia). Self-impregnation is not prevented ; 
but, in comparison with impregnation through insect agency, 
it is either entirely useless for seed-formation, as in Pul- 
monaina qfficincdis^ or effected only with unimportant results, 
as in Primula sinensis, 

B. Length of style on different individuals of the same species 

equal. 

o. Sexual organs changing their reciprocal position during the 
development of the flower. Self-imnTegnation avoided ; 
impregnation by means of insects facilitated. 

00 . Sexual organs remaining unaltered in position during the 
^ development of the flower. 

^ t Insect agency necessarv to fertilization; self-impregnation 
in fact impossible, foreign aid indispensable, as in Or- 
cbidese; or self-impregnation possible, but not indis- 
pensable, foreign impregnation more frequent, as in 
Asclepiadese. 

tt Insect agency not necessary to fertilization. Self-im- 
pregnation possible, but impregnation also performed 
Dy insects. 

(The possibility of self-fertilization is evident — 1, where the flowers are 
erect and the filaments are longer than the styles, as in rUiSj Chmopodiumj 
A0. ; 2, where the flowers are pendent and the filaments are shorter than 
the styles, as in PritiUaria imp&riaMsf ConvaUaria mcgalis^ &c. ; but as all 
these flowers are visited by insects, cross-impregnation probably often 
takes place.) 
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* Ko fruit formed without imjrregnation 1:^ insects : 
cava, 

(It wouM scarcely have been deemed credible that self-fertilization wee 
impossible in such an instance as CorydaliB cam, where the anthers are 
closely appressed to the stigma, and in which self-impreraation appears 
inevitable. In his experiments, however, Hildebrand discovered that 
when this plant was secured from the visits of insects, and also when the 
pollen was artificially applied to the stigma of the same flower, no fruit 
was set. To obtain perfect fruit he found it necessary to impregnate the 
stigmas of one plant with pollen from another.) 

Fruit formed as a result of self-impregnation, but impregnation 
by insects not excluded. 

(Instances of undoubted self-fertilization of individual flowers are known 
in the genus Fumaria^ in Salvia hiratda^ lAnum udtatissimum, Cephalanthera 
grand^ora, Ophrys apifera^ &c. ; but the number and quality of seeds 
borne is less than where cross-impregnation is effected.) 

i3. Flowers not opening (clcistogamous). 

Self-impregnation alone results, every foreign impregnation being ex- 
cluded ; but these plants all have other flowers which open and are thus 
exposed to the possibility of extraneous impregnation. 

The general conclusions that may be drawn from the above facts are 
thus given by Hildebrand; — 1. The arrangements in the majority of 
flowers are such that no self-impregnation takes place, but a trans- 
port of the pollen from flower to flo^ver is accomplished instead. 2. Insects 
are necessary in most cases for the conveyance of the pollen. *1. When 
the access of a flower’s owm pollen is prevented, it necessarily follows that 
self-impregnation is impossible. 4. In those cases where self -impregna- 
tion is possible, or even unavoidable, the possibility of foreign impregna- 
tion is for the most part not excluded. 5. In these cases insects are 
active, and accomplish the impregnation of the flowers. 6. There is 
probably no flowering plant to which access of foreign pollen, at least 
to a portion of its flowers, is possible, and continued self-impregnation 
alone possible; therefore no flowering plant which furnishes a proof 
against the general law which negatives self-fertilization. 7. By experi- 
ments it has been found that where, by accident or design, the pollen of 
a flower falls on the stigma of the same flower, fertilization either does 
not follow, or, when it does occur, the quantity of seed is less than where 
foreign pollen is employed. 8. A gradual transition may be traced, stalls 
ing from those cases where self-impregnation is utterly impossible, to 
those where it is possible and evident, but not to the exclusion of the 
possibility of a foreign impregnation of the flowers, 9. The sexual 
relations and mode of fructification do not invariably* tend towards 
the morphological aflinities of the flowers. In some isolated families 
the sexual conditions of all members are alike ; in other families, again, 
and even genera, they are essentially different. The sexual relations, 
therefore, have not developed with equal pace and in the i^me way as the 
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morphological relations in the transformation and perfection of dowering 
plants. 

The inferences drawn by Darwin, Hildebrand, Delpino, and others, 
however, have lately been questioned by Henslow, whose conclusions are 
as follows : — 1. The majority of flowering plants are self -fertile. 2, Very 
few are known to be physiologically self-sterile. S. Many are morpholo- 
gically self-sterile. 4. Self-sterile plants become self-fertile (a) by 
withering of the corolla; (d) by its excision; (c) loss of colour; (d) 
closing ; (e) not opening ; (/ ) absence of insects ; reduction of tem- 
perature; (A) transportation. 6. Highly self-fertile forms may arise 
under cultivation. 6. Special adaptations occur for self-fertinzation, 
7. Inconspicuous flowers are highly self-fertile. 8. Cleistogamous flowers 
are always self-fertilized. 9. Conservation of energy in reduction of 

f ollen. 10. Relative fertility may equal or surpass that of crossed plants. 

1. It does not decrease in successive generations. 12. It may increase. 
13. Free from competition, self-fertilized plants equal the intercrossed 
(«) as seedlings, (6) planted in the open ground. 14. They may gain no 
benefit from a cross from the same or a different stock. 16. They are as 
healthy as the intercrossed. 16. They may be much more productive 
than flowers dependent on insects. 17. Naturalized abroad they gain 
great vigour, and, 18, are the fittest to survive in the struggle for life. 

As regards the question of self-fertilization, or cross-fertilization, and 
their respective consequences favourable or otherwise, it 'would seem that 
both the views above cited, different as they seem, may bo correct. What 
is now required is a series of experiments and observations to ascertain 
under what precise circumstances each method of fertilization is adopted 
ahd the reasons and consequences thereof. 

Hyhri dization . 

Cross-breedingr. — The treatment of the subject of the sexual reproduc- 
tion of Plants would be incomplete without some notice of the pheno- 
menon of Jiyhidkationf or cross-breeding between distinct species of 
plants. 

From the difficulties arising partly from the minute size of the struc- 
tures, partly from the comparatively recent date of any accurate know- 
ledge of thq sexual organs of Ciyptogams, we are at present only 
acquainled with a few certain facts m reference to the cross-breeding of 
species in that Subkingdom. It has long been known, however, that in 
collections of cultivated Ferns forms spnng up from time to time pre- 
senting new characters, more or less intermediate between well-known 
natural species ; and these have been commonly accounted hybrids. The 
discovery of the phenomenon of fertilization on the prothallia of Ferns 
gives a new support to the supposition that such jdants are hybrids, 
although the question is still insufficiently supported by evidence. 

Oroas-breeding in Algae. — We possess, however, some facts of import- 
imoe on this subject relating to the Fucaceous Algae, Thtiret took 
advantage of the extrusion of the germ-cells and spermatozoids in 
Fucacese before impregnation to collect these separately and experi- 
ment on the degree to which hybridization was possible. He foimd that 
spermatozoids of Fucus serratue and JP, ve^culottus would not fertilize th^ 
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spores of Ozothdllia vulgarts, and vice versd. Neither could the spores of 
Juimanthalia lorea he fertilized by Ozothallia vtUgaris or Focus serratosy 
nor the spores of Focus serratus by the spermatozoids of F, vesicidosus. 
But the spores of F» vesictdosus impregnated by the spermatozoids of F, 
sen'otus became fertile and germinated ; which fact is the more interesting 
since F. vestculosus is a variable plant in its natural state, while the others 
named exhibit comparative fixity. 

Cross’breedingr in Phanerogamla. — ^The existence of hybrids in Phane- 
rogams, produced by impregnating the ovule of one plant with the pollen 
of another, is a weU-ascertained fact ; and indeed hybrids are produced 
at will, within certain limits, by gardeners. 

It is necessary to distinguish here between true hyhridsy or rmdesy result- 
ing from the crossing of distinct species, and simple ci'oss^hreeds (or mdis) 
commonly included under the name of hybrids by gardeners, and resulting 
from the crossing of varieties (p. 159) of the same species. It is from the 
last operation that the great majority of the hybrids ” produced in 
favourite florists’ flowers, such as Pelargoniuniy Fuchsiay &c., are derived — 
this cross-fertilization usually presenting little difficulty, and commonly 
occurring naturally where large quantities of varieties are grown together. 

The ready cross-fertilization of varieties spontaneously, places great 
difficulty in the way of growing the varieties of cultivated vegetables for 
seed. The different varieties of the Cabbage, Turnip, Pea, &c. are ffiffi- 
cult to preserve pure as seeding-plants in large gardens or seed-growing 
establishments, from the fact of insects and the wind carrying the pollen 
from plant to plant. 

True hybrids, as a rule, subject to some remarkable exceptions, such 
as Philageria, Misenay and Ismency &c., can only be produced between 
plants belonging to the same genus. When they are more diverse than 
this, they will usually not cross ; and even within the limits of genera, 
species will not always breed together. 

Generic difference in Flowering plants usually involves difference in the 
structure of the reproductive organs, the size of the pollen-tubes, &c. ; we 
are therefore not surprised at the above statement ; numerous instances, 
however, occur of the refusal of nearly allied species to cross, where we 
cannot detect any structural differences between them. It has also been 
shown that in heterogonous flowers (p. 636) the different forms of the 
same species are more or less sterile when intercrossed. 

The tendency to cross-breeding is less common than is frequently sup- 
posed. Gaertner, the greatest experimental ^ authority on this point, 
states that in 10,000 sets of experiments, carried on during many years^ 
he only obtained 269 true hybrids. It is found impossible, for example, 
to cross the Gooseberry and the Currant (two species of Mibes)^ the Apple 
and Pe^r (two species of Pyrm), the Blackberry and Raspberry (afiied 
species of Rubu^, &c. 

Besides this peculiar indisposition to hybridize, there exists an obstacle 
in nature, in the greater facility with w^ch an ovule receives the influ- 
ence of its own pollen ; Gssrtner describes this phenomenon under the 
name of dective ajffmityy stating that when the natural pollen and that of 
another species are placed upon a stigma, the foreign pollen remains 
inert : and even when the natural pollen is applied a iittle time subse- 
quently to the foreign pollen, it acquires the supremacy, and the embiyoa 
prove true, and never hybrids. 
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lOost resembled the female parent, whue in Muomm the reverse 
aj^eered; and he believes no lew can be laid down in regard to this 
pomt ^ ^ 

The seeds ripened alter hybridizing generally form but a fraction of 
those matured xinder natural circumstances. Thu8,accoidiiigto Gsertner, 
hybrids of Verbaacum ZpchnUts with V, nigrum gave but 08 per cent. 
01 the normal number, with F. Thapsus 21 per cent., with F. pgr ami- 
Mum 8 per cent. ; hy orids of Dianthm harhatus with D. Armena 58 per 
cent., wiSi D, deltoiaes 22 per cent., with Z). virgineus 1 per cent., See. 
Darwin, however, shows that the sterility of crossed species as well as 
that of their offspring \aries from zero to complete fertility. Moreover 
dioecious plants appear less prone to hybridize than those with herma- 
phrodite flowers. 

The seeds originating from a process of hybridization produce plants 
varying veiy much in their degrees of fertility. It appears that the mar- 
jority are barren ; in many cases only a portion of the seeds formed pro- 
duce*^ fertile plants ; while in a few cases the hybrid plants are nearly as 
fertile as those of their parent species when upmixed. Some species can 
he crossed readily, but the hyhiids resulting are very sterile ; on the other 
hand, some plants crossed with difficulty yield veiy fertile offspring. 
The degree of sterility differs in two species when reciprocally crossed. 
It is observed, also, that in fertile hybrid plants the flowers earliest opened 
are the most fertile, or sometimes are the only ones that ripen seed, sub- 
sequent flowers often developing fruits the seed of which are destitute 
of an embryo. 

This barrenness of the lat('r flowers, from deficient vital force, is in 
some degree analogous to what we sometimes observe in cut flowering 
stems of succulent plants. We have seen the ovary swell and one or 
more seeds become extensively developed on a cut spike of Aloe and on 
an umbel of Crinum, thrown aside to wither. The seeds, however, were 
quite '^^lind,” the expansion consisting of an abnonnal development of 
the integuments of the ovule, the nucleus and embryo-sac remaining un- 
changed. 

Relative Fertility of Hybrids. — In some fertile hybrids it is observed that 
their progeny forming the second and third generations become more fer- 
tile than the original hybrid ; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external character, and often 
return more or less to the type of one of the parents. 

Hybrid characters seem, from the researches of Naudin, not to he 
permanent. The plants revert, as above said, to the type of one or 
the other of the jparents. What are termed ^^aports^' by gardeners, <*, 
shoots differing in character from those on the other portions of the 
plant, are frequently, but not always, due to the dissociation of hybrid 
or metis characters, or they may present the characters of some more 
remote ancestor. 
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freely feidillze^ by pdlen df a sta^luQge but ptire spedes, tlm by tbeir 
own : thus the hybrid NicoUam which usually did not 

ripen more than 13 good ^eds m a capsuki prciduoed with the pollen 
of N, panimlata 36, with N, rustioa and T^h the pdlles of N, Lmgs-^ 
dorfd (a totally new element in the crosdng) 16» In another experiment, 
when this hybrid produced no seed by self-feitilizalion, 10 good seeds 
resulted from crossing with jV. Langsdar^, ^For a general review of the 
subject of Hybridization, see Darwin, ^ Variauona of Attinrudw and Plants,^ 
ed. 2, vol. ii. p. 167, and Anderson Henry, Proc. Soc. Bot. Edinbunrh, 
1867.) e » 

A curious phenomenon has been observed in the garden plant called 
Cytisus Adamif obtained either by grafting or by true hybridation of the 
two kinds of Laburnum, Cytism Lahumum and C, purpwrem. The 
plants in many instances exhibit a partial separation or dissolution of 
the hybrid characters in the products of different leaf -buds : on the same 
tree in which part of the branches bear blossom of the hybrid character, 
other shoots occur, some of 'which revert to the character of CyUms 
Laburnum, others to that of €, purpwreus, the other parent. In some 
of the shoots, moreover, imequally combined characters of the parents are 
observed in different flowers of the same raceme. 

In some cases it has been found that the reverted or pure shoots bear 
perfect seeds, while the hybrid blossoms were barren. 

Cyiims Adami has generally been supposed to be an ordinaiy hybrid ; 
but it has recently been stated that it originates when C. purpurem is 
grafted on Gytims Laburnum, oftering thus an instance of affection of 
the stock by the scion analogous to that of the variegated Jasmine and 
Abutilon referred to previously (p. 618). If tliis prove true, it will be 
a most important physiological fact, opening up a very interesting field 
for experiment, and Ukely to lead to practical I'esults of high value in the 
cultivation of fruit-trees. Certain sports of Roses have alsobeen accounted 
for on the supposition that they have originated as graft-hybrids ; but 
the evidence on the point is not as yet sufficiently conclusive. 

In some cases the action of hybrid pollen is made manifest in the 
production of changes in the envelopes of the seed, and even in the 
appearance of the fruit, so that the influence has been exerted not 
only on the offspring but also on the mother plant. As an illustration 
may be cited the case recorded by Vihnorin of a yellow-seeded Maize 
producing black seeds when crossed -with pollen from a black variety. 
Such cases, however, require strict scrutiny, (See Laxton, Proceedings 
Internat. Bot. Congress, London, 1866, p, 166, and Clarke in the some 
volume, p. 143 ; Darwin, * Animals and Plants under Domestication,’ ed. 2 
p. 427 ; Maximowicz, as translated by Dyer in Joum. Hort. Soc. London! 
vol. iii. p. 161> 1872.) 
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Germination, 

Beqxdsite ^ouditions. — Given a properly ripened seed with 
well-formed embryo, the period when the latter will begin to 
sprout or germinate varies according to the particular species, 
and according to external conditions. The general conditions 
favouring germination are exposure to a certain temperature, a 
certain amount of water, and access to oxygen gas, besides 
certain secondary or £|.ccidental influences. As regards tem- 
perature, germination may be carried on in some cases even at 
freezing-point; but it is rarely manifested beyond 40°-42® C., 
though vitality is not necessarily destroyed at much higher tempe- 
ratures. The actual temperature most conducive to germination 
varies in different species. 

Sachs’s experiments on the growth of Wheat and Barley show 
that germination began below 5® 0., in the French Bean and 
Maize at 9° C., and in the Gourd at 13^ C. ; but when the reserve 
material in the seed was used up, and the seedling had to procure 
its food from without, a higher temperature was needed. The 
highest temperatures noticed by Sachs are, for French Beans, 
Maize, and Gourds 42° C. ; for Wheat, Barley, and Peas 37® or 
38° 0. 

Water is a primary requisite in the germination of seeds, as it 
softens the tissues and enables the insoluble reserve materials to 
assume a soluble form. Free access to atmospheric air, or to the 
oxygen contained in it, is necessary for the (parrying on of those 
chemical changes which are manifested during germination. If 
seeds be deeply buried, so that access of air be prevented, they do 
not germinate. 

Weak solutions of chlorine, iodine, and bromine have been 
known to accelerate the process of germination, and camphor is 
also stated to be a stimulant to the growth of the embryo plant. 

Effect of Electricity. — Electric currents are stated to hasten 
germination. When seeds are exposed to the action of galvanism, 
it is found that those around the negative pole of the battery ger- 
minate much more freely and quickly than those around the posi- 
tive pole, and than those not submitted to the electric current. 
Bridgeman, in ‘ Gardeners’ Chronicle,’ Feb, 1, 1873, further notes 
that the radicles of the blackened and shrivelled seeds round the 
positive wire grew into the air instead of downwards; and 

this observation eonfirms a similar one made by Blondeau. 

Time re<iiilred. — ^Many seeds geminate very quickly when placed under 
favourable conditions, especially those of Cruciferse, Grasses, manyLegu- 
minosie, Cucurbitacese, &c. ; but the period varies even in seeds of the 
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same Individual plant under apparently identical conditions. In general 
terms, the length of time required is long in proportion to the lowness of 
the temperature, the absence or presence of perisperm, its nature, the 
depth of sowing, &c. Seeds enclosed within a hard pericarp, endocarp, 
or testa, often remain a year or even more before germination ; but in 
such cases the process may be accelerated by soaking the seed. Some 
seeds require to be sown at once or they lose their germinating power ; 
others retain their vitality for a great number of years, though the stories 
relating to the germination of seeds taken from Egyptian mummies and 
Roman barrows will not bear the test of close examination. Better 
authenticated statements have shown that some seeds have retained their 
vitality after more than a century. Out of 368 species sown at Geneva 
^ Alphonse de Candolle, 17 only grew after a lapse of 16 years. 
Iifteen out of 20 seeds of Dolichoa g^ew after this period, 6 out of 20 
of Lavatera, of the other 15 only 1-3 grew. Out of 288 genera whose 
seeds were sown under the auspices of the British Association by I)r. 
Baubeny and others, it was found that the majority had lost their vitality 
altogether after having been kept 10 years. Thirty-four species, about 
one seventh of the whole number, retamed their vitality after 10 years, 
20 species after 20 years, and 2 only, both Leguminosee, maintained their 
vitality after 40 years. In both sets of experiments the greatest in- 
stances of longevity were found among the Leguminosse, which are. desti- 
tute of perisperm, while the UmbeUiferse, whiA have perisperm and much 
essential oil, seemed to lose vitality particularly soon. 

CirouniBtances retarding Germination. — ^These will have been gleaned from 
what has preceded. Deprivation of water or oxygen gas, too low or too 
high a temperature, will all retard or even prevent germination, in extreme 
cases, by destroying the vitality of the embryo. Pure phosphorus retards 
germination, while anilin is stated to stop it completely, as arsenious acid 
and other poisons do. Exposure to light does not of itself retard germi- 
nation, other conditions being equal. 

Changes during Germination. — ^When germination begins the soluble 
matters contained in the seed are used up, while the insoluble ones are so 
modified as to. become soluble. The ternary ingredients, especially starch, 
become converted into dextrin and glucose under the influence of a nitro- 
genous substance, diastaacj which acts as a ferment. Thus in the process 
of malting, which is nothing but the germination of Barley stopped at a 
certain stage, the starch becomes converted into sugar, thus : starch with 
a composition of 0 36 II 30 O 30+4 HO = 2 Glucose 2 (0 12 H 12 0 12) 
and Dextrin C 12 H 10 0 10 (Musculus). What brings about the ultimate 
transformation of grape-si^ar, or glucose, or of dextrin into cellulose is not 
known. Fatty substances lose a portion of their carbon and form glucose. 
Nitrogenous substances during germination undergo analogous transfor- 
mations ; thus, among Leguminosse, the albuminoid mattersbecome trans- 
formed into aaparagvn, a soluble nutritive substance, which is conveyed 
from cell to cell, according to the requirements of the case. The trans- 
formation of the albuminoids into asparagin takes place as well in 
obscurity as under the influence of light. Oxygen is ^ed during the pro- 
cess, and C and H are liberated, the sulphur being oxidized and changed 
into sulphuric acid, Gorup-Besanez has also shown that in Beans there 
exists a diastasic ferment capable not only of efiecting the transforma- 
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ikm at fitoiali Said anwi bat |kbo &t fibiioe into A dxasHaa* 

lonpMaaii of Im been observed in case of leaf*biids about to 

<EoS8maim)« ^ As tbe seedlings grow and become exposed to the 
tiie ai^paragin disappears* 

JDtiiiiig germination Boussusgault observes tbat tbe plant comports it* 
self as an abimal does^ or like an egg during incubation. It gtows on the 
reserve materials accnmulated in the rissues^ oxidises them, emits carbonic 
dxordde, evolves heat, as happens in other chemical changes, the final re- 
sult being the nutrition of me embryo plant. 

The Ferlaperm.— With reference to the part played hy the perispenn, it 
may be stat^ that it is a store-house or nourishment upon which the 
young seeds draw before they have acquired the power of feeding for 
themselves. Hence we often find that in the case of those seedlings which 
have from the first a well-developed feeding-apparatus in the shape of 
green seed-leaves (as in the Turnip, Mustard) the perisperm is at the time 
of germination either non-existent or in very small proportion. On the 
other hand, where the perisperm is abundant, there the seed-leaves are 
very small and inconspicuous. The difficulty in inducing some seeds to 
germinate is connected with the fact that the seedling plant is often able 
to feed upon the perisperm, hut is not able to shift for itself ; hence when 
the supply of albumen is exhausted, the seedling fails. M. Van Tieghem 
has lately made some experiments with a view to ascertain how the seed- 
ling plant gets its nourisnment from the perisperm, and in the course of 
his experiments ascertained that the pensnerm in some cases acts as a 
nursing mother to the young embryo, while in others the young plant 
merely helps itself to what it finds at hand. Albumen of an oily character 
undergoes a change of structure and composition — digests itself, in fact; 
and the young plant does but take up the products of this change in the 
tissue and constitution of the perisperm. 

Floury perisperm, such as that of the Wheat,’i8 passive. It is changed 
and ultimately absorbed and digested by the embryo itself. It is of the 
nature of food simply, and does not, as in the former case, also fulfil the 
office of a nursing mother. The germination of seeds and the length of 
time required for the process are thus seen to depend very materially on 
the nature of the perisperm. 

Indepfndence of the Farts of the Emhryo. — M. Van Tieghem has ascer- 
tained that, under certain circumstances, the several parts of the emhryo 
plant may he severed one from the other, and even themselves divided 
into fragments, and yet these framents will preserve their vitality and 
grow independently. The cotyledons, if divided, will produce radicle 
and buds ; thus a plant of a Sunfiower was made to produce eight plants 
by dividing each of its two cotyledonsjnto four. When the perisperm was 
removed from around the emhryo of a Marvel of Peru, germination went 
on well for a time, but the plumtile was arrested in its development, so 
that the perisperm seems to be required for the formation of the plumule, 
though the other parts of the embryo obtain sufficient nutriment from the 
stores accumulated in their own tissues. The same experimenter ex- 
tracted. embryos from the seeds, and placed them in an artificially pre- 
pared substance, resembling in constitution the perisperm, and he found 
that the embryos absorbed the artificial food and used it up in the pro- 
duction of new tissues, just as they would have utilized the stores in the 
perisperm. 
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Sect. 1. EvdiiOTioK oip 3E[miT BT 

In examimng the cases &12ing into section, it is important to 
separate them into two classes : — (1) thcwe relating to the proper 
or specific heat of plants gmierally ; and (2) those more remarkable 
instances of elevation of temperature occurring at ^ittain periods 
of development in particular plants. 

It being a well-ascertained fact that the ohemical combination 
or separation of various elements found in phmts is accompanied 
by increase or diminution of sensible heat, and that the process of 
evaporation, constantly going on in dry weather in healthy plants, 
is a cause of depression of temperature as the substance from the 
liquid passes off in the form of vapour, it is evident that the proper 
temperature of plants, and their organs and tissues, must vary 
greatly according to the circumstances in which they are placed. 
Yet, as the evaporation, and the fixation of carbon in a solid form 
from gaseous material — ^both “cooling processes^' — are such prepon- 
derating operations in the nutritive and assimilative processes of 
vegetation, it seems scarcely possible, under ordinary circumstances, 
that plants should have a specific heat rising above that of the sur- 
rounding atmosphere. 

The difterent power of conducting heat possessed by the several tissues, 
and, in the case of the woody tissues, the difference in the conducting- 
power according to the varying directions of the fibres, together with the 
disturbances arising from the unlike conductivity of the fluids and solid 
matters constituting the cell-contents, render it very difficult to arrive 
at any general conclusions as to the specific heat of plants. 

From Dutrochet’s experiments, made with a thermo-electric apparatus, 
it would appear that the specific heat of all parts of plants in their ordinary 
condition is rather lower than the temperature of the surrounding atmo^ 
sphere. In cases, however, where evaporation was prevented by placing 
plants in an atmosphere saturated with moisture, the temperature some- 
times rose from to i per cent, above that of the atmo^here. More- 
over a rise and a fall took place in the course of twenty-four hours, the 
maximum occurring between ten and two in the day, the minimum at 
midnight. It was further observed that the specific neat was only dis- 
cover^le in the soft or green parts, not in the woody structures. 

The experiments, however, wliich have been made to determine these 

E oints are by no means conclusive. It seems probable that the increased 
eat observed in the structures of plants when evaporation is restrained 
depends upon the slow combustion of carbon, which is enabled to manifest 
itself when tlie cooling influence of evaporation is removed. 

The germination of seeds, in which carbonic dioxide is abundantly 
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evolved, is constantly accompanied by a rise of temperature, which 
is satisfactorily accounted for on chemical principles; and the 
“ heating” of heaps of germinating seeds is the more marked in con- 
sequence of the “ fermentation” (or decomposition through contact- 
action) by which it is always accompanied. In the case of Fungi, 
as shown by McNab (Gard. Chron. 1871, p. 1256) in Bovista 
gigamieay the temperature is higher than that of the air, owing pro- 
bably to the formation of carbonic dioxide. Similar phenomena had 
been previously observed by Dutrochet in France and Marcet in 
England. 

Heat evolved during Flowering. — The most remarkable instances 
of evolution of heat are those which occur during the flowering of 
plants. This rise of temperature appears to take place in all cases ; 
but it is most strikingly displayed, of course, in plants which have 
a crowded inflorescence, and above all 'when this is surrounded by a 
structure confining the liberated heat, as in the spathes of the 
AraceBB, on which many observations have been made. 

Arum macvIatum,A, italictim, A.Dracunculu8,Itichardia €othiopica) Colo- 
casia odor a j &c., the male inflorescence of Cycas circinaliSf the large solitary 
flowers of Cacfm grandijlorus^ Bignonia radicam^ Victoria regia, &c., are 
among the recorded plants in which the rise of temperature has been 
observed. 

The greatest evolution of heat, after the opening of the spathe 
of Aracese, is at the part where the male flowers are situated ; after 
the pollen has been discharged, the upper parts of the spadix grow 
warmer, and the lower parts cool gradually upwards. 

Experiments made to ascertain the cause of this heat lead to the 
conclusion that it is attributable to a process of combustion. Saussure 
found that the flowering spadix of Arum maculatum abundantly ab- 
sorbed oxygen ; and Yrolik and De Vriese, comparing the tempera- 
tures attained by a spadix placed in oxygen gas and by one placed in 
common air, found that the former always exceeded the latter, while 
a spad& kept for a longer time in nitrogen gas did not manifest 
any increased temperature* 

Connected with the subject of the temperature of plants are the in- 
teresting observations of Boussingault, Alph. DeOandolle, and others, on 
the different external temperatures required by different plants to stimu- 
late them into either vegetative or reproductive activity. It is well 
known that any ^ven plant will rec][uire a certain sum of heat during a 
season to enable it to go through its whole course of development, and 
that under certain limits the course of development will be passed through 
proportionately more quickly in warmer climates. Further, it is known 
that most plants of warm climates are killed by certain de^es of cold. 
But it is further observed that certain temperatures, insufficient to injure 
plants, are at the same time insufficient to start ” them into OTowth, and 
that different species of plants have different constitiitions in wiis resect ; 
while, on the other hand, excessive temperatures may render plants barren 
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by over-stimulating vegetative action, as is observed in the Vine in the 
tropics, and commonly also in badly managed exotics in our hothouses. 


Sect. 2. ♦Luminosity. 

In most botanical works we find noticed the observation of the 
daughter of Linnaeus, that she perceived a peculiar flashing lumi- 
nosity of the flowers of Trojpoeolum majus on a hot summer’s night — 
together with a statement that the same appearance has been ob- 
served in the orange Lilies, Sunflower, Marigolds, &c. The fact 
that most physiologists, from Saussure downward, who have sought 
to repeat these observations have failed, and that the appearance 
is always assigned to orange or red flowers, leads to the belief that 
the statements are founded on error, arising from the peculiar 
effect of these tints upon the eye. The influence upon the eye of 
the brilliant orange and crimson flowers of some of the Rhododen- 
drons and Azaleas now grown in our gardens is very similar to 
that of looking upon a luminous body. The asserted luminosity 
of flowers is certainly at present a very questionable matter. The 
cases that have been recorded are cases of optical illusion, or in 
some instances of exudation of inflammable vapour. 

Phosphorescence.— On better authority, namely that of Humboldt, Nees 
von Eaenbeck, Unger, and others, rests the fact that the thallus of 
some Fungi is luminous in the dark. The imperfect thalloid structure 
described as Ithizomorpha suhterranea, occasionally met with in mines, 
exhibits upon its ramified structure points which possess an irregular 
phosphorescence, sometimes rising to such a degree of luminosity as to 
enable surrounding objects to be distinguished. According to Unger’s ob- 
servations, the light is not emitted from decaying matter, but from a 
peculiar superficial layer of cellular tissue. Phosphorescence has been 
observed in other mycelia, and it is also exliibited in the perfect Fungus 
of Agaricus olearius and other species. 

Rotting wood is well known to be often phosphorescent; and some 
authors state that this does not depend upon the presence of Fungi ; but, 
seeing the proved occurrence of phosphorescence in the mycelium of Fungi, 
it is most probable that the luminosity is attributable to them, especiafly 
as it is removed irrecoverably by drying up the damp rotten wood. 

The statement that the Moss Schistostega osrmmdoGea, which grows on 
the roofs of caves, is phosphorescent, has been declared by Milde to be 
erroneous. We could detect no trace of it in observations made some 
years ago, and we agree with Milde in attributing the ap]^arance to the 
glistening caused by the reflections and refractions of li^t on the wet 
surface of the cellular leaves. 

According to Martius, the milky juice of Euphorbia pho^horea becomes 
luminous when removed from the plants and heated gently. 

The fullest details, with illustrations, on the subject of phospho- 
rescence are to be found in the volumes of the ' Gardeners’ Chronicle,’ 
1871, 1872, 1874. Dr. Cookers paper on the same subject in ^ Science 
Gossip ’ for 1871 should also be consulted on the subject. 



\ Tbe abj^nce of the phenomena of motion was formerly ima- 
gined to constitute one of the distinguishing characters of plants 
as contrasted with animals ^ but, in fact, members of the Vegetable 
Eiingdom not only exhibit parti^ movements of their internal or 
external structures, but in some cases the entire organism has the 
power of locomotion. 

Hzciting causes. — The movements of different plants are de- 
pendent upon very diverse causes, some of them being entirely 
mechanical, and due to physical affections of the tissues by the 
conditions of the surrounding atmosphere, and to alternate con- 
ditions of tiirgescence and exhaustion ; others are mechanical in 
appearance, but excited by causes which simple physical laws will 
not explain ; while a third kind depend upon the contractile quality 
of the protoplasmic substances, which gives rise to automatic move- 
ments comparable to those of the lower animals and to the ciliary 
motion found in particular tissues of the highest animals. 

To the first of these classes helong such phenomena as the bursting of 
seed-vessels, anthers, &c., attributable in part to the hygroscopic condi- 
tions of the tissues, which, possessing unequal power of imbibition and 
unequal elasticity, are torn apart or curved in various ways by unequal 
contractions and expansions, caused by access or abstraction of moisture. 
These are cases of what is called in common language “ warping,” and 
can scarcely he regarded as vital phenomena, being definite modes of 
destruction of dead structures, resulting from special structural condi- 
tions. 

The second class of movements are those exhibited periodically, or 
under special stimulus, by the external organs of plants, such as the 

sleeping ” and waking ” of leaves and flowers, and the movement of 
the Sensitive Plants, &c. To these may perhaps be added the less striking, 
but nat less enigmatical, movements which cause the twining condition oi 
stems &c. 

The movements of the third class are those already adverted to ir 
former sections, where the protoplasmic matter of cell-contents, or free 
bodies, such as zoospores, spermatozoids, or even perfect individuals, sucl 
as DestnidiecBj Oscillatoriaceae, exhibit temporary or permanent power o: 
locomotion. Of this character also are the protrusions observed by Mr 
Francis Darwin of fine threads of protemlasm from the pear-shaped glandi 
of the common Teazel (JMpsacus). These threads have the power o: 
contracting strongly, and the conteaclion is further induced by acids, hi 
induced electric currents, by heat, and other agents. 

rotation of the protoplasmic cell-contents (p. 549) doubtless depend 
upon (inaperfectly understood) causes similar to those which render man; 
of the simpler plants locomotive ; and the movements exhibit the closes 
resemblance to those of some of the Protozoa in the Animal Kingdom- 
in particular, of Ammha and its allies. Ihe locomolion of free product 
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immediately resultant from the mOTOtotent oz etUa mdstiiig unou thmr 
surface; and the same stateinent appHes to the locomotion of the ^^ cell- 
families/’ which furm the representaMTes of spcies in the Volvocinese. 
The locomotion of the OsdlfittoriaceiB and BiatomaceaB, however, does 
not appear to he effected through the agency of cilia ; at all events no 
such structure can he detected with our present means of observation. 

The ciliary motion of the unicellular plants and reproductive bodies 
is, although inexplicable, a mp^ general phenomenon of life than the 
movement of the Diatomacese &c., where these organs are not detected. 
Some authors incline to regard the motion of Diatomacem as dependent 
upon osmotic cmrents, resulting from the interchange of matter between 
the cell-contents and the surroimding water. 

Movements from Changes In Hygroscopic State. — Movements of various 
kinds, more or less mechanical in appearance, take place in the higher 
plants through the power of iinhibition and the elasticity of their tissues ; 
these movements are generally immediately produced by stimuli of vari- 
ous kinds disturbing tne equilibrium in the tissues. 

Great difference in the power of imbibition exists in different kinds of 
cellular tissue — collenchymatous tissue, for example, swelling out when 
wetted, and contracting when dried, far more than woody structures. 
Experiments have showm that the degrees of expansion and contraption 
vary in different plants and tissues of plants in a range from^ | the 

diameter of the cells. In cases of great contraction a wrinkling of the 
ceU-membrane is generally involved. 

All living cell-membranes possess a certain degree of elasticity; and 
consequently a certain amount of difference of dimensions is dependent 
upon the degree of 'tension or turgescenc/e of the cell from the presence 
of fluid contents. Cells in which osmotic processes are going on are 
constantly in a state of greater or less tension. 

The expansion of cellular tissue through turgescence, permitted by the 
elasticity of the membranes, appears to have a much smaDer range than 
the expansion by simple imbibition. The experiments of Unger and of 
Brucke give a range of to -J. 

It is evident that the elasticity of parenchymatous tLssues must be 
capable of exerting influence on the position, form, and direction of the 
organs of wliich they form part. Supposing a tissue to be uniformly 
developed, its expansion through turgescence need not alter the general 
form, nor the relative position of the parts; hut if unequal endosmose* 
take place in different parts, causing msturbance of the equilibrium of 
turgescence, curvature and distortion must ensue. Again, if an organ is 
composed of regions in which the tissues differ in degree of elasticity, it 
may suffer a disturbance of the equilibrium of turgescence still more 
readily ; and this is probably the cause of most of the automatic move- 
ments of organs of plants, as more fully explained under the bead of 
Tension (p. 609). 

Dehisoexme of Fruits etc. — ^This is usually the result of a greater degree 
of turgescence in some cells than in others and ultimate rupture, and it 
may wso be due to irregularity in the process of drying, whereby cer- 
tain layers contract more forcibly than others. The different anatomical 
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construction of different layers also promotes the process, as well as the 
pressure from within of the growing seeds. 

The movements of the awn of Avena steriiis are in like manner attri- 
butable to the possession of two layers of different anatomical and hygro- 
scopical structure. The similar twisting of the awns of other Grasses, 
the s^les of JErodium, &c., has been described by Mr. F. Darwin, who, in 
the * Linnean Transactions,* has explained the mechanism by which these 
plants are enabled to bury themselves in the ground. 

Irritability. — The equilibrium may be disturbed by various stimuli, 
mechanical and chemical. When an organ is strikingly affected bv 
mechanical influences, we have the phenomenon of irritability,** such 
as we see in the Sensitive Plants, Dioncea, &c. The sleep** of plants 
is doubtless a phenomenon differing only in degree ; and this dower move- 
ment is probably attributable to the chemical action of light. 

Periodic and Induced Movements. — The movements of plants consist 
for the most part of the curvature or the folding-up of organs j and in 
such cases the organs are always found to possess certain peculiarities 
of structure and mode of union to other organs. The movements take 
place periodically (in consequence of the regular alternations of external 
influences), or irregularly (from the accidental influence of special stimuli). 

Periodical movements are more particularly connected with the influ- 
ence of heat and light ; and their degree is generally more or less propor- 
tionate to the intensity of these influences. 

Action of Heat and Light. — The sensitiveness and periodic movements 
of the leaves of the Sensitive Plant are not manifested at a lower tem- 
perature than 16° C., while permanent loss of motion and death occur 
above 62° C. 

Exposure to light causes movement in the leaves of Sensitive Plants, 
raising them from the depressed position they occupied in darkness j and 
prolonged obscurity induces rigidity and loss of motion. Thus Bert 
showed that Sensitive Plants kept m the dark lost their sensibility after 
seven days, and died in twelve days. Under green light the plants died 
after sixteen days exposure, retaining their sensibility for twelve. Under 
\iolet and blue light the plants existed (but did not grow) for three 
months, and retained their sensibility. In Pothos scandem with dilated 
leaf-stalks ^inted to the blade, movements may be seen wliich are appa- 
rently associated with the influence of light j thus on the growing snoot 
the position of the leaves and leaf-stalks varies according to the direc- 
tion of the light. In some cases lamina and petiole are in &e same plane, 
at other times at right angles one to the other j and even the petiole is 
twisted on its own axis, so as to place the two surfaces of the leaf in a 
more or less vertical ;^sition. Every intermediate position may be 
observed. 

Effect of TnrgeBcence. — Li the best known Sensitive Plant, Mimosa 
padica^ there is a swelling at the base of the petiole, the cells of which con- 
stitute, as it were, two springs acting in contrary Erections, so that if the 
one, from any cause, be paralyzed, the other pushes the leaf in the direction 
of least resistance. These springs, if they may be so called, are set in action 
by the rush of fluid creating a turgid state of the one set of cells, and a 
relatively empty state of the other series. What circumstances regulate the 
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tuTgescence are not clearly determined. The spontaneous and induced 
motions, according to Bert, are differently affected by the same conditions. 
Bert and Millardet also show that the spontaneous movement in the 
Mimosa is not confined to depression, followed after a period by elevation, 
as in most cases of plants whose leaves sleep 5 but the movements in 

& ' ’on are more or less continuous, the one alternating with the other. 

e most plants, the Sensitive Plant raises its leaves at night, and 
lowers them by day. 

Nature of the Movements. — The most common kind of movement is 
that in which leaves or floral envelojjes return to the position which 
they orimnally occupied, or close up into the saihe folds which they 
exhibited in the buds. 

Compound leaves, like those of Leguminosse for instance, display a 
simple or compound movement ; in the Bean {Faha vulgaris) the leaves 
fold upwards, in Lupinus downwards, in Tamarmdm to the side. In 
Amorpka frtdicosa and Gleditschia triacanthos the rachis or common 
petiole of the compound leaves rises or sinks, while the leaflets turn 
downwards or to the side. In Mimosa pudica the leaflets fold together, 
the partial petioles approach each other, and the rachis or main petiole 
sinks down. Li a species of Oxalis the pinnate loaves are folded toge- 
ther in an upward direction, a footfall sufficing to cause the plant to close 
its leaves (figs. 615, 616). 


Fig. 616. 


Fig. 616. Fig. 617. 






Fie. 615. Plant of OxaUs. 

Fig. 616. The same species, with the leaves erect and dosed, as a consequence of irritation, or 
®’ in ** sleep.” 

Fig. 617. Leaflet, magnified. 

When such movements of leaves or foliaceous organs occur at parti- 
cular hours, and the structures remain in the new poation untu the 
recurrence of a particular period, the closing up is called the sle^ ofphntSj 
•which is observed both in green leaves and in the petals of flowers. 
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The epoch at which the movements take place is very varied. Ordi- 
narily, lemes expand in the daylight and close towards evening, while 
flowers exhibit a great diversity of habit in this respect — ^so much so, 
indeed, that Linnaeus was enabled to draw up a list of flowers, fancifully 
termed a ‘^floral clock ” (horologium FlorcB)^ in which a periodical move- 
ment (opening or closing) marked each succeeding hour. 

Ipomo&a Ml and Cmystegia sepium their flowers at S-4 a.m. ; 
Tragopogon at 3-4 a.m., closing again before noon; some Nymphae^e, 
NuphiuTy Lactucaf &c., about 6 a.m. ; AnagaUu armmk, 8 a.m. (closing 
again when the sky is overcast) ; Ornithogalum timheUaiumy 11 a.m. ; Me- 
sembryanthacese generally about 12 ; Silene noctiflora^ (Enothera hiennuj 
Mirahilu Jalapa, <fec., 5-7 p.m. ; Cereus grandijlorns &c.. Datura, Me»em- 
hryanthemum nootifiorum, &c., 7-8 p.m. ; Victoria regia opens for the first 
time about 6 P.M., and closes in a few hours, then opens again at 6 a.m, 
the next day, remaining opn until the afternoon, when it closes and sinlts 
below the water. 

Some closing flowers may be caused to open by exposure to strong arti- 
ficial light (Crocus, Gentiana vema) ; on others (Cmvolvulus) this has no 
efiect. 

In most of the periodical movements the motion is very slow ; but certain 
exceptions to this exist. Thus in the leaves of Desmodium gyrans and other 
species, the laheUum of Megaclinium f^atum, the sty^les of StyUdium adna- 
turn, and others, the movement is quick enough to directly perceptible. 

In Desmodium gyrans (the Telegraph-plant) the,trifoliolate compound 
leaf has a large terminal leaflet, and a smaller one on each side. When 
this plant is exposed to bright sunlight, in a hothouse, the end leaflet 
stands horizontally, and it fails downward in the evening ; but the lateral 
leaflets move constantly during the heat of the day, advancing edge first 
towards the end leaflet, and then retreating and moving towards the base 
of the common petiole, alternately on each side,' in a manner very well 
compared to the movements of the arms of the old semaphore telegraphs. 
In Megaclinium falcatum (Orchidacece), when exposed to sufficient heat, 
the labellum rises and falls slowly in periods of several minutes ; this 
structure is also irritable, and moves more quickly, with an oscillatory 
motion, when touched. 

Induced^ Blovements, — Irregular or irritable movements take place in a 
great variety of plants, of which the following paragraph contains the 
most striking examples, separately or in association with the spontaneous 
movements before mentioned. They are influenced by contact and by 
various chemical agents, while others paralyze the motion : — 

Leat^es : The “ Sensitive Plants (Mimosa pudica, sensitiva, casta, and 
many other species) ; JEschynomme sensitiva, indka, pumila ; Smithia 
semitiva ; Desmanthtfs stolonifer, triquetris, lacustris ; Oxalis sensitiva, and, 
in less degree, Oxalis stricta, Acetosella, commdata, Deppei, &c. ; Eobinia 
Fseudoacacia folds its leaves when violently shaken in the moniing; 
las%, Diomta muscipula, the Venus’s Fly-trap, which folds its leaws 
when visited by insects, and Drosera (fig. 588, p. 560), which enfolds itself 
over the captured prey. 

Tire spontaneous slow movement which occurs at stated periods (move- 
ments of sleeping and waking) is, as has been said, different from the 
sudden motion caused by external stimuli. Ether and other anaesthetics 
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paralyze the latter, but have no effect on the spontaneous movements. 
There is no special contractile tissue in these nlants. 

Petals . — The movements of opening and closing have been alluded to. 
Other induced movements occur in connexion with fertilization, one of 
the most striking of which is that of Pter^tylisy an Australian Orchid, 
where the lip has a tongue-shaped^ extremity covered with hairs and a 
hinge-joint in the middle. If an insect alight on the tongue, the tip 
bends upwards in such a manner as to imprison the insect, and fix 
it up against the anther till he has removed the pollen. See also Drakea. 
fig. 462, p. 372. 

Stamens — curving towards or away from the stigma and dehiscing 
when touched : Berheris vulgaris and other species, Parietaria judaicuy 
Spamiannia afrkanay Cereus grandijlorusy lieliantkemum vulgare and 
other species, and various plants of the tribe Cynareee. Other curious 
movements of the stamens and pistils, and also of the staminodes, are 
alluded to under the head of Fertilization. Ileckel attributes the move- 
ments of the stamens of Berheris to the alternate changes of form, now 
long, now short, in the constituent cells of the stamens. In order to 
venfy this, M. Heckel availed himself of anaesthetics. The necessity for 
doing this arises from the fact that immediately the stamens are cut, in 
order to take from them a slice to examine under the microscope, con- 
traction is caused j but by, so to speak, paralyzing the cells, a section may 
be taken, and the normal unirritated condition of the cells ascertained. 
So treated, longitudinal slices of the irritable part of the stamen (the 
concave inner surface in this instance) are seen, according to M. Ileckel, 
to be arranged in parallel rows, and each cell to be longer than it is wide, 
its yellow contents being diffused throughout the cavity and applied to 
the walls. An examination of the same cells in the excited or irritable 
state shows that they become shortened, contracted, and gathered together 
till they only occupy two thirds of their original space ; the contents of 
each individual cell are collected together in the centre of the cavity, and 
the outer cell-wall or envelope is thrown into transverse ridges. So, then, 
in the one case the cell is at rest, in the other it is tense and contracted, 
the seat of contraction being in the protoplasm lining the interior of the 
cell-walls, rather than in the cell- wall itself. 

The opposite convex surface of the same stamen, with which an insect 
visiting the flower does not come in contact, is not sensitive to external 
impressions of this character, though it also shows contractile power 
arising from internal causes. This contraction is exercised in a manner 
directly contrary to that manifested by the cells on the inner surface — 
that is to say, that when in a state of rest, under the influence of the 
chloroform, they are contracted, while after irritation they are distended. 
They would thus have the effect of pulling the stamen back into its old 
position after irritation. 

The peculiar movements of the pollen-masses of Orchids have already been 
alluded to (p. 873). Another illustration from Orchis pyramidalis may here 
be given, in this plant the two caudides of the poUen-masses are connected 
together by a saddl^haped disk, the pollen-masses when in the anther 
being nearly vertical in direction and parallel one to the other. When 
removed from the anther by the proboscis of an insect or the point of a 
needle (fig. 618, ii) the saddle-like disk contracts so as to attach the 
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pollen-mass to the needle &c. Then occurs, first a divergence of the two 
pollen-masses one from the other, and subsequently a depression, so that 
they assume a nearly horizontal direction (fig. 618, 6). In this position they 

Fig. 618. 


Orchiti pyramidalia : a, pollen-maflB jnst removed from the anther, vertical ; 

6, pollen-masses divergent and horizontal. 

are so placed as to come into contact with the V-like stigmata of another 
flower, and thus effect cross-fertilization. 

i^yle : Goldfimia anisophyllaj Murtynia^ MimtduSf &c. 

Movemexits of Stems. — Some plants manifest a series of spon- 
taneous movements, as CeratiyphyTlum^ where the stem exhibits 
regularly movements of bending and straightening. The young 
growing shoot of Abies Nordmanniana has been observed to revolve 
irrespectively of the sun’s movements, and the terminal shoots of 
the Deodar have similar movements. 

Climbing Plants. — The phenomena of the movements of climb- 
ing plants, including the spontaneous revolving movement of ten- 
drils &c., and those dependent on contact, have been studied in 
detail by Mr. Darwin, who has shown that organs of the most 
diverse morphological character may nevertheless exhibit the same 
phenomena. The object is to enable the plant to expose its leaves 
to the light and air with little expenditure of material. In this 
way a we^fely growing plant can maintain itself in the struggle 
with trees and vigorous growing plants. Darwin divides climMng 
plants into four classes : — 1, those that twine spirally in a dex- 
trorse or sinistrorse manner round a support ; 2, those endowed 
with irritable organs which when they touch any object clasp it ; 

3, plants cUmbing by means of hooks, as some Palms, Brambles, &c. ; 

4, plants climbing by means of rootlets, as the Ivy. 

The two first Classes exhibit special movements. The young growing 
shoots of climbing plants, and, as we have seen, of Conifers and probably 
most other plants, if watched for a continuous period, or observ^ at in- 
terv^s, may be observed to bend to one side, and to travel slowly round to 
all points of the compass in succession, the revolving movement, which goes 
on oy night as well as by day, varying in rapidity according to circum- 
stances and ultimately ceasing. The revolution is effected oy a bending 
over of the stem first in one direction, then in another, so that the re- 
volving stem sweeps round, but does not become twisted so long as it is 
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free at the tip. If, during the course of its revolutions, it come in contact 
with any object, such as a stem or a branch of another plant, it twines 
around it. The cause of the movement is supposed to be due to ra^ud 
growth in a longitudinal direction, the band oi growth travelling round 
the tendril and successively bowing each part to the opposite side. 

Leaf-climbers. — These are plants whose leaf-stalks clasp round any 
support that may come in their way, while, in other cases, the plants 
climb by the tips of their leaves, as in Oloriosa, p. 66 (fig. 67). The young 
internodes of these plants revolve as in the former case, and with the 
object of bringing the petioles into contact with surrounding objects. The 
petioles in these cases are, when young, sensitive to a slight touch, bending 
towards the touched side at difiersiit rates in difierent species. Such 
petioles after a few days become much thickened, and assume a stem-like 
character. 

Tendrils are thread-like modifications of leaves, peduncles, or branches, 
possessing the power of spontaneous revolution, the whole length of the 
organ exhibiting curvature except at the extreme tip, which is sensitive 
to touch on one side or the other, or on both. When the end has caught 
a support, the tendril winds round it in a spiral direction according to the 
position of the support and the side first touched. Twining plants, on 
the other hand, curl round their supports invariably in the direction of 
their revolving movement. The tendrils of different species of the same 
genus twine m difierent manners — ^in some cases bending themselves 
away from the light, so as to seek crevices in the bark, rocks, or walls 
on which they are growing, and often developing adhesive disi® at their 
extremities, as in Ampelomis tricmpidata ( Veitchtiy The difierent move- 
ments executed by tendrils may be referred to revolving nutation, bending 
to or from the light and in opposition to gravity, in addition to those 
caused by a touch, and spiral contraction ; and it seems probable that ^e 
inducing causes may be difierent. Some are probably due, as stated by 
Sachs and De Vries, to rapid growth along one side ; but Darwin doubts 
whether the movements conse(][uent on a touch can be so caused. The first 
action of a tendril, says Darwin, is to place itself in a poper position so 
as to be in the most favourable position for catching hold of any support. 
Another wonderful property is the way in^ which they generally avoid 
coiling themselves around the stem from which they themselves proceed. 
When, says Asa Gray, “ a tendril swiping horizontally comes round so 
that its base nears the ppent stem ming above it, it stops short, rises 
stiffly upright, moves on in this position until it passes by the stem, then 
rapidly comes down again to the horizontal posiiion, and moves on so 
until it again approaches and ^ain avoids the impending obstad]e.” 

Of the two hinds of motion, the spontaneous revolutions, and that 
induced by contact, the former may be compared with the spontaneous 
movements of the leaflets of Desmoaium, or the sleep-movements of leaves, 
while the movements due to contact are analogous with the induced 
movements of the sensitive plants. The tendrils of p€t$e^ora gracilis and 
of a gourd have been seen by Gray and others to cou up rapiffly and 
perceptibly when their extremities are gently rubbed, stndgntenmg again 
after a short time, to be recoiled if again excited* Once a grasp has 
been obtsdned the senribility ceases. 

2v 
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GEOLOGICAL BOTANY. 


CHAPTER I. 

GENERAL CONSIDERATIONS. 

The object of this department of Botany is to determine the laws 
which rule over the Distribution of Plants in Time and Space. 
This abstract study is founded upon the facts furnished by 
Botanical G-eography and Geology, or the description of the 
present and past conditions of the Vegetable inhabitants of the 
globe, and, in return, supplies those branches of practical inquiry- 
with principles by means of which they may systematized. 

Botanical Geography, which undertakes the description of the pecu- 
liarities of the vegetation occurring at present upon the earth’s surface, 
and Botanical Geology, which pursues the investigation of the conditions 
of vegetation which have successively existed in different Geological 
epochs, deal with facts so far distinct in their character that it is most 
convenient to treat of them separately ; but the prirmplea are common 
to both, aJIl may be taken as one subject. 

Explanations of the facts which are obtained by geological inquiries 
can only be securely founded, either directly or indirectly, upon laws de- 
rived from facts furnished by experience of existing phenomena j hence 
the principles laid down in the present chapter are for the most part 
only actuwly valid in relation to existing conditions, and, the subject yet 
being in its infency, are mostly only speculatively applied to the elucida- 
Idon of geological phenomena. 

Sect. 1. DffTLUENCB OF Exteenal Agents upon VEeETATioN. 

— ^Plants are endowed with means of di^BEosing them- 
selves, more or less efficiently in diffierent eases, over surbee 
of the globe ; but in most cases their existence is limited to certain 
regions or countries. Geographical obstacles, such as seas, 
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mouBtaiiis, desert traets» preveot their spreading indednitelj: 
some of these may be overcome i:^ acddental influences, such as 
seas intervening between countries, and the like; others can 
neither be conquered nor evaded, such as climaU^ which fixes un- 
alterable limits to the stations wMch can be permanently occupied 
by species. 

That Cold and Heat, Damp and Droughty intensity and duration 
of Light, the chief constituents of what we call Climate, are the 
most important of the external influences acting upon plants, is a 
fact manifest not merely from the conclusions at which we have 
arrived in the study of Vegetable Physiology, but one which is 
revealed by the most slender experience of horticulture and tl^e 
most superficial acquaintance with physical geography. 

The nature of the soil doubtless has also much influence on the 
distribution of plants, dependent less, probably, on its chemical 
composition than on its mechanical constitution and hygrometric 
state. 

Every species of plant flourishes best within a certain range of 
temperature, beyond which, on both sides, it either suffers from 
summer heat or is killed by winter cold. 

If the earth’s surface were of uniform character, we might 
expect to find forms of vegetation arranged in bands or zones suc- 
ceeding each other from the equator toward the poles, each occupied 
by plants “ hardier” than those of its equatorial neighbour. Such 
zones of vegetation have in fact been Imd down by botanical geo- 
graphers. Meyen drew up a plan, in which a number of zones 
were marked, defined on each side by lines passing round the earth 
at certain parallels of latitude, between which a certain average 
climate was assumed to exist. 

Isothermal Lines. — From the want of uniformity of the surface of the 
globe, the isothermal lines, i. e, lines passing through spots which have 
an equal annual temperature, by no means coiTespond to parallels of 
latitude — ^the distribution of land and sea, and the alternation ,of plains 
and mountains, deflecting such lines to the north and south, sometu^s to 
a very great extent. In addition to this, from the diversity of habit of 
plants, they are differently affected by heat and cold,, and the distribution 
of species is far more influenced by the summer and wmter temperature 
than by the entire amount of heat received during the year. 

^ Nevertheless, as a general rule, plants have a polar and an efumtorial 
limit, fixed by temperature. 

Temperature as regards dants may be divided .into usjeful, usdess, and 
injurious or destructive. Each plant, as we have s^n, requires a certain 
sum of heat to live, so much more to flower, more stul to ripen its fruit, 
&c. Within certain limits it is immatoial whether plant get this 
heat in a short period or diffused over a longer time. Tmnperatuares Wow 
QP 0. are useless to most plants (that is to say, veg^tive action is 
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iC to Oaatolle divides platrtSy la theiTrektum toteixxi^eratiTO^ mto : — 1. 
Mmrffiih€rm $4 or idaats refuitog mtich Beat, as the plaats oliatertro^cal 
regiotts j 2. MeM&tikermi. plants of the subtropical and *«eam temperate 
zitoes. subject to great neats and never for any length of lame to frost; 
8. MmihermBf or plants characteristic of the cool temperate zones ; and 
4. Mierotherm», or alpine or arctic plants capable of existing in very cold 

^^^^ffect of temperature on plants depends very gr^tly upon their habit : 
thus ann^^**-^** which accomplish their lire functions in a few months are 
indifferent to the winter’s cold if there is heat enough to enable them 
to ripen their seed before the winter comes on. Other pknts are pre- 
vented from spreading from warm latitudes to colder by deficient summer 
heat : hence a division of plants into heat lovers {Phtlothenm) and cold 
fearers {P^igofuges). 

Altitude. — ^An important qualification arises from the existence of high 
mountains v ithin temperate and tropical latitudes. The temperature of 
the soil and atmosphere diminishes with the degree of elevation above 
the surface of the ocean ; and a succession of limits are found upon the 
•iides of high mountains comparable, and in a great degree proportional, 
to the polar and equatorial limits of plants. Mountains situated in the 
tropics possess zones of climate which, at successive elevations, resemble 
horizontal zones situated between the base of the mountains and the 


poles. 

Drought and Moisture. — ^Moisture and drought are only to be ^called 
secondary chmatal influences, from the circumstance that they depend in 
a great measure upon temperature, either directly or indirectly. In the 
Arctic regions and upon mountain-tops, covered with eternal snow, there 
is drought from the solidification of the water. In temperate and tropical 
regions the degree of humidity is dependent not merely upon temperature, 
but upon this combined with the configuration of the surface of the earth 
and the nature of the soil. Wherever the temperature of the atmosphere 
is above the freezing-point of water, it takes up aqueous vapour : even 
ice evapoi^tes in warm air; and water e^aporates in proportion to the 
temperature to which it is exposed. 

Tne ocean, especially in warm latitudes, gives up vast quantities of 
aqueous vapour to the atmosphere, which it delivers in very various ways 
to the land regions. Islands and coasts in general have a moist climate, 
while the interior of continents is dry ; but these rules are interfered with 
by currents or prevailing winds, carrying air loaded with moisture in 
particular directions. As an example of this, we find the west coast of 
fenrope with a much damper climate than the opposite east coast of 
America, owing to the Gulf-stream and the winds bringing the moisture 
of the West-Indian Sea in a north-west current on to our coast. On the 
contrary, the prevailing winds blow off the west coast of North Africa, 
and those rec^ved on the north-east side come from overdry land, whence 
a vast tract of land lying in this continent becomes an arid desert. 

There is a great dinerence also between mountainous and fiat countries. 
The cold upper regions of tropical mountains arrest the prevailing currents 
of aix and pecipitate the moisture which they contain. Hence the tracts 
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HaMt in relation to aaQlittti««^Fli!it0 are divided into XeropMeB, or 
those capable of eidstiiig in very dry dimates $ B^^cfpMkSy or those 
which can only exist in the presence abundmit moisture ; an inter- 
mediate group IS called H^erophik, Xeroph^ exe h’equenily marked 
by structural cbaracters, such as the succulent tissues encased within a 
thick leathery rind which admits of little inspiration, SedpmyCa^Sy &c. 
The presence of bulbs or of thick stocks and huge rigid or deshy 
leaves is another characteristic of drought-resisting plants. Another 
characteristic type of vegetation in such districts is that represented by 
dry, much-branched spiny trees or shrubs with scanty foliage and smau 
leaves. Kesinous exudations, dotted leaves, dense covering of hairs, are 
other structural peculiarities characteristic of plants of diy regions. ^ Such 
variations in habit ” are common to most natural orders, and are indica- 
tions, not of genetic relationship, but of adaptation to circumstances : thus 
Cacti and Euphorbias have often the same “ habit j” because living under 
similar conditions, but, genetically, they are very wide apart. A complete 
account of this branch of the subject would require a volume for itseu. 

Of all the influences to which plants are exposed, climate is the 
most important ; it sets absolute limits to species, which is not the 
case with any other of the causes affecting distribution. 

/Secondary Natural Injiuences* 

There is no doubt that the distribution of plants is greatly 
affected by the conveyance of seeds, fruits, &c. from place to place 
within the same climatal region, by marine currents, rivers, winds, 
&c., and by animals, especially birds. 

Currents. — An example of diffusion by marine currents is furnished by 
the occurence of the Cocoa-nut Palm fringing the islands of the Pacific; 
and it is probable that the mixed vegetation of many islands is to be 
accounted for in part by such causes. Marine currents are of most im- 

E ortance when they pass along coasts, or across tracts of ocean in similar 
Ltitudes — such as that part of the Q^-stream running in the Mexican 
Gulf, the ounents running from Madeira to the Canaries, from the last to 
Senegal, the east-to-west current of the Society Islands, &c. The seeds 
of QuUandina Bonduc, a West-Indian tree, have been found in a ger- 
minating condition on the Cornish coast, where, however, the climate 
is not sufficiently favourable for it to establish itself. Rivers are most 
influential when they flow from the east or west. Currents of any Mnd 
passing northwards or southwards are less likely to convey seeds &c. into 
a suit^le climate for their naturalization. 

Winds. — ^The winds do not appear to be very influential in trasisporting 
Phanerogamous plants ; but the cosmopolitan distribution of the Crypto- 
gams is at least partially attributable to the facility with which their 
microscopic spores are carried away by currents of air* 
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V jeetarffi, QUmtSmnh — ^Icebergs probably imye some share in diffusing 
plants^ »noe ibey are oi^ben found loaded 'witb masses of earth containing 
seeds, which they occasionally cast upon strange shores. Ihere is reason 
to believe that Ais kind of influ^ce was ifer more actively at work in 
North Europe in the geological period preceding the present. 

Animals, Ae.— The transport by animals takes place partly through 
migrating birds, partly by quadrupeds which have wanderi^ habits. 
Among mrds, many oi the omnivorous kinds (for instance the Tnrushes) 
migrate from north to south in autumn, at the time when hemes and 
similar fruits are ripe, and they often void the seeds of these fruits little 
altered. Animals winch, like the northern Eeindeers and Buffaloes &c. 
of other lands, travel from place to place in troops in search of food, 
doubtless often car^ seeds and fruits adhering to their fur into new 
kcahties. Flocks of animals transported through human agency become 
more fruitful sources of this influence. 

Animals may like^i^ greatly affect vegetation in the way of limitation. 
The invasion of a region by flocks of graminivorous quadrupeds, the sudden 
appearance of plagues or locusts^ or any other of the numerous insect 
enemies of vegetable life, may quite change the character of the v^ta- 
tion of a district, somewhat in the manner in which a totally different 
assemblage of plants springs up on the ground cleared by burning the 
primmval forests of South America. 


Effects of Human Interference. 

Migrations. — The results of the activity of man display them- 
selves in both extensions and limitations of the distribution of 
species. 

From the time of the earliest migrations of the human race, cer- 
tain plants must have been in a condition of constantly increasing 
diffusion. The native countries of our Cereal grains are not satis- 
factorily known : they have been or are cultivated wherever they 
will grojy in Europe and the adjoining parts of the other continents. 
Doubtless many of what we call weeds have shared in the transport 
of the seeds of useful plants, having been either mixed with them 
or accidently adherent to the clothes, goods, or domesticated ani- 
mals of the wandering races. 

Transport of this kind would be still more active as agriculture 
extended ; and wars, the improvement of navigation, the discovery 
of the New World, and countless minor events cGntributed to 
increase the interchange of the natural products of different regions, 
eitiier intentionally or by accident. 

Cultivfttioii, &o. — Systematic cultivation of land is pecnliariy favourable 
to tie intermixture of new elements in the floras or particular regions, 
from the fact that seeds of many visne^ties of useful plants are constantly im- 
ported from dflmates where they ripen better or can be kept more easily 
at A h%her iBtandard of excellmuM^ 
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CloTer-seed, for iostaxKoe^ is kigelj imported into Britain from Fran^ 
and Germany ; many of the weeds of our arable lands have doubtless be^ 
introciuced with foreign eeed> such as Adonis mtutn^MUsf Verovma Bux^ 
haumii, Papaver sormifermn^ &C. Ballast-heaps at sea-ports^ where 
vessels returning home from foreign coun^es discharge their ballast; have 
become frequent sources of new importations ; and merchandise; such as 
cotton; but especially seeds, fruitS; aye-stu£&; &c.; often contains seeds of 
plants; some of which now and then acquire a footing. 

Horticulture is so evidently one of the most important influences in 
the diffusion of plants, that it is scarcely requisite to dwell upon it. 

Extermination of Plaats. — On the other hand, human industry has a 
great tenden^ to exterminate particular forms of vegetation, or, at least, 
to greatly affect their relative predominance in a ^ven region* The 
destruction of forests for the purpose of clearing land for cultivation 
changes the whole face of vegetation, and even, to some extent, 
affects the local climate, as also do drainage operations in their degree. 
Instances of change of this Mnd might be furnished from almost every 
part of the globe. North Europe was clothed in earlier times of the pre- 
sent period with dense forests, long since cleared away to give place to 
cultivated plants and a multitude of wild plants suited to the different 
conditions of the soil. The forests of Norm America are, in like manner, 
disappearing by degrees under the hand of man. 

The change is not merely one kept up by a continual effort of cultiva- 
tion ; the original vegetation does not always reestablish itself when the 
region is deserted. New kinds of plants spread over the cleared ground, 
and new animal inhabitants come to check the efforts of the old forests to 
renew themselves. 

Sect. 2 . Intluenob of the Laws of Development of ! 

Plants of Wide Distribution. — If we leave out of view the 
question of the origin or creation of plants, there is no reason why 
any given species should not exist in all places where the climate 
is suitable. 

Some kinds of plants are, indeed, very widely spread over the surface of 
the globe. Hooker has enumerated upwards of 30 species of flower- 
ing plants common to Northern Europe and the Antarctic regions. A 
considerable number of North-European species extend round the globe 
in northern latitudes, in the colder parts of North America and 
Not a few of our plants occur also on the Himalayan Mountains. 
lohium tetragomim, a British species, is found in Canada and in Tierra del 
f^ego. Our white Hedge-Convolvulus, with some other Brilisb plants, 
occurs in the GaL^agos l^nds. Many of the Falkland-Island are 

met with also in Iceland. PkmJUigo a common sea-me plant 

with us,k found at the Cape of Good Hope and at the southern extremty 
of America. 

Bepresentaldves of some few natural orders occur in all regions, e. g. 
Composites, Leguminosas, Cyperaceas, Tllices, ^uisetacess, and a few 
others. A few genera also, such as SmMcioj MubuSf Han^tgo. have 
also representatives in all regions. Very few spedes are thorougly cos- 
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mopolitiMi, some -water-weeds {Potamogeton) are nearly so; Sheplierd’s 
purse (^Cajmlla hurm pastoris) is another instance. Many of the macro- 
therms are common to the tropics of both hemi^heres, the meiotherms 
and mesotherms are less cosmopolitan. 

Instances, however, of such csosmopolitan plants are exceptions 
to the rule, and the majority of the plants occurring over wide 
e^ctents of the globe present characters which facilitate their dif- 
fusion by natural or artificial influences. 

The plants (Phanerogamia) occupying even one third of the earth’s 
surface are but a small fraction oi known plants. Many of these are 
aquatic or subaquatic plants ; and a considerable number belong to the 
list of weeds which accompany man, growing in cultivated land or 
rubbish &c. 5 few or no woody plants occur in the lists hitherto pub- 
lished. 

It is observable that those cosmopolitan species which occur 
widely spread over two continents are found also in the adjacent 
islands., 

Tlie Arctic plants occurri^ in the continents of the Old and New 
World are found also in the laroes, Iceland, and the Aleutian Islands. 

Plants of Restricted Distribution. — On the other hand, certmn 
plants occur only within very narrow limits ; this is the case with 
many continental species, but more particularly with insular plants, 
as mentioned in a subsequent paragraph under the head of insular 
floras. 

Area of Distribution. — Generally speaking,* the species of plants 
of a continent are found most abundantly over a particular more 
or less extensive tract, growing scarcer, more or less suddenly, at 
the margins of this space. Such a space, called the area of distri- 
bution of the species, in these cases exhibits a centre or point of 
greatest intensity of occurrence. 

The aims of many plants extend not only over continents, but 
over detached islands, and even to other continents. In many 
instances species are spread interruptedly over their area, as is the 
case "with the alpine plants common to Norway, Scotland, and the 
Alps, &c. 

Representative Species. — It is usual to find the maximum of a 
species in one country, forming a single centre ; and this same 
species does not recur again with a centre in a distant spot with a 
similar climate and soil. But representative species of the same 
genus occur not unfrequently under such circumstances ; and this 
is still more the case with genera of particular Orders, sometimes 
also with the Orders of like habit. 

Thus, the Violets of Europe and those of North America are distinct ; 
the dwarf Palm, Chamesrops hmmMSf of Europe, is represented by C, 
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Pahneito in North Amenca. The Heaths iJBncd) of Europe are repre- 
sented by different species at the Cape of Good Hope. The East and 
West Indies and Africa have their peculiar Palmacese, Zingiberaceae, 
Marantacese, &c. The succulent Cactaceae of Central America represent 
the fleshy Eimhorbiace®, Asclepiadaee®, and Mesembryanthace® of 
Africa. The Cape Heaths are represented in Australia by Epacridace®, 
associated in like manner with Myrtacero and Proteace®. The Firs of 
the southern hemisphere belong to genera distinct from those of the 
northern hemisphere, &c. 

Specific Centres. — The evident absence of a constant relation 
between the existence of certain climatal conditions and the occur- 
rence of particular species of plants — still more, the existence of 
limited areas of distribution, often exhibiting centres of greatest 
abundance — ^haveled to the supposition that the individual species, 
of plants have been created at particular centres, whence they 
have spread themselves over more or less extensive tracts, in the 
course of their extension becoming intermixed with other species, 
and thus producing complex assemblages. 

The spreading of what are called social plants, ^such as Pasture-Grasses,. 
Furze, various forest-trees, &c., illustrates the facility with which many 
plants extend themselves over new ground. The AnachariSy a North- 
American water-plant, has been diffused all over England within the last 
few years. The diffusion of certain plants is also greatly dependent on 
the pccess of some plants over others in the struggle for existence which 
is ever going on in nature. It does not follow that the wild plants in any 
given area are those which are best adapted for that situation. They are 
often the weakest, and are overpowered by other plants. In this way 
native vegetation constantly gets exterminated by foreign intruders. 

In this hypothesis it is unimportant whether we imagine a 
single plant (or pair of dioecious plants) or a more or less extensive 
assemblage of individuals to have been created on the same spot. 
This is a question impossible to be solved by science. 

Some authors believe that species have been created at many points 
where the conditions were fitting, explaining in this way the interrupted 
areas of certain plants. 

Successive Creation of Species.— -The facts revealed by Geology, 
as well as by botany itself, tend to prove that the creation of 
species has not been simultaneous, but succesdvey in d^Eerent 
g:eological periods. Not only do we find in the older forma- 
tions fossil plants different from living vegetation, but those beds 
immediately preceding the present surface of the earth contain not 
only remains of animals of existing species, but fossil plants closely 
resembling, if not identical with, existing plants. 

Existing Agencies not sufficient to account for Plent-distri- 
hution.— Numerous cases of scattered distribuldon of existing 
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vegetation cannot be explained by reference to existing influenoes, 
such as transport, &o. Thus species with large seeds grow in 
countries between which apparently insuperable obstructions to 
transport exist ; many species are common solely to the tops of very 
distant mount^s ; many widely distributed aquatic plants pro- 
duce seeds which sink to the bottom of the water when ripe, &c. 

Again, species are wantir^ in regions so well adapted to their 
existence that, when artificially introduced, they establish them- 
selves like natives. Certain countries, separated by broad oceans, 
have more species in common than either the distance or nature of 
their climate would render probable under ordinary circumstances ; 
while contiguous countries, with similar climates, sometimes pre- 
sent very different species. 

Some countries are remarkable for a grOat number of species in 
a given area, others for paucity of species. 

Lastly, species of simple structure (Rushes, Grasses, &c.) have 
often wide range, even though their seeds are not more easy of 
transport than usual, while others of higher oi^anization, with 
seeds or fruits easily transported (CompositsB, &c.) often occur in 
very limited areas. 

To sum up these statements, the occurrence of certain species, as 
a general rule, in one region rather than another, their abundance 
in particular localities, the extension and especially the disjunction 
of species destitute of efficient means of transport, the non-exten- 
sion, on the contrary, of species possessing seeds easy of transport, 
certain analogies and certain differences between the floras of 
several countries, and their relative richness in distinct forms — all 
these important phenomena are inexplicable by causes now in 
active operation ; and we are consequently led to seek their solu- 
tion by the aid of geological inquiries. 

The late Edward Forbes was the first to open this line of inquiry, in 
a most acute and ingenious Essay on the Origin of the existing Ilora of 
Britain. Hooker has pursued the same line of reasoning in his inquiries 
into the botanical geography of the southern hemisphere. 


Sect. 3. Geological Ie^fluenoes. 

Natural Science is incapable of elucidating the actual origin or 
creation of organic beings ; but it seeks to trace up, as nearly as 
possible, to the earliest periods the phenomena exhibited by 
<^ated things or beings, and the successive and gradual evolu- 
tion of forms according to the laws of variation, the influence of 
vital competition and external conditions, as previ<msly mentioned. 
In addition, the botanist seeks, by geographical and ^ological in- 
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quiries, to discover the probable aboriginal localities of species of 
plants. 

It is impossible to say in what part of the globe plants first appeared. 
Probably they grew on lands now submerged beneath the ocean, or, still 
more likely, they were perishable aquatic plants which haveieft no trace 
of their existence. Geology teaches that the dry land of the globe has 
been successively elevated and depressed below the surface of tne sea at 
various epochs since plants were nrst created ; hence there have ex^ed 
successive and variable centres of creation. There may have existed 
means of communication between difierent centres, so that secies may 
have passed over from one to another, and in this way survivea in a new 
locality the destruction of their birthplace. 

Species have made their appearance successively during different 
geological epochs, and have had more or less extended duration. 

Probably most of our existing species date from an epoch 
anterior to that at which the existing continents acquired their 
present configuration. A large proportion of the present genera 
were in existence before the end of the Secondary period. 

They may have spread widely in ancient times, and their area 
may have been broken up subsequently by obstacles now insur- 
mountable. They may have been transported in past ages by 
causes not now in operation. 

Thus the disjunction of certain alpine and arctic species, that of aquatic 
or marsh-plants in different countries, that of large-seeded plants in islands 
and more or less distant continents, may be explained by their antiquity 
or former wide division, as well as by supposing creation at various 
points. 

The species at present confined within small areas, in spite of 
means of transport or continuity of land and suitable climate, 
would appear to be those of most recent creation ; that is, they 
seem to have originated since the existing continents were formed. 
Widely spread species, on the other hand, which are difficult of 
transport are probably the most ancient. 

In the comparison of successive geological formations, it 
appears that the earliest plants were chiefly species of simple 
organization and few in number — and that by degrees more highly 
org^ized plants were added and replaced many of the earlier ones, 
which perished. In existing vegetation the simpler kinds seem 
to be the most ancient, and those of more complex staictore 
more recent, judging from the wider diffusion o£ the former than 
the latter. 

Ligneous plants established themselves in northern and temperate 
countries at an epoch when the climate must have been more humid and 
more doudy thsm at present. At the present time, r^ons in the South 
of Europe, North Africa, the Canaries, the Souths united States, and 
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elaewhere once cleared and exposed to the influence of the sun, do not 
become dothed again by forests such as they possessed formerly. Ooni- 
ferse and Amentaceous plants, -which form the chief constituents of forests 
in these regions, are Phanerogams of low organization. Their probable 
antiquity, judging from their occurrence in masses in certain countries, 
confirms the view that existing species are of unequal antiquity, and that 
the older spedes are of lower type. ’ 

The facts of existing Botanical G-eography are in general dear 
and concordant, if we suppose that the most ancient species of 
Phanerogams comprise the majority of plants either aquatic or 
loving moisture, then many northern and alpine plants and most 
of the trees of our temperate regions. We may suppose at the 
same time that the most recent species occur principally among 
the plants of warm regions, among the Dicotyledons with an 
inferior ovary and a gamopetalous corolla (such as Compositae, 
Dipsacea3, Campanulacese, &c.) and among the other Phanerogams 
with structure complicated in other respects (such as Orchidaceac, 
Palmaceae, Apocynacem, Asclepiadacem, Cucurbitaceas, Passifloraceae, 
Begoniaceac, &c.). 

(The considerations stated in this Section are derived, with slight modi- 
fications, from the ^ G^ographie Botanique * of Alph. De Candolle, a most 
important general work on this subject, which sliould be studied by all 
those who are interested in these questions. Lyell’s ^Principles of 
Geology,’ vol. ii. Book iii., and Darwin’s ^ Origin of Species ’ should also 
be consulted, and for a brief summary Mr. Baker’s ‘ Elementary Lessons 
on Botanical Geography.’) 


CHAPTER II. 

^ BOTANICAL GEOGRAPHY. 

Sect. 1. Disteibution op Plants in Climatal Zones between 
THE EqHATOB and THE POLES. 

The description of the actual conditions of vegetation on the 
surface of the globe is a subject embradng a vast amount of facts, 
which are not only capable of being considered under many dif- 
ferent points of view, but in many respects offer at present only 
fragmentary materials for establishing principles. In the present 
work, where only a limited space can be allotted to this depart- 
ment, it is necessary to confine ourselves to a few of the principal 
genei^izations, calculated to give an insight into the characters of 
the study, but confessedly very imperfect as representations of the 
natural pl^nomena with which it deals. 
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Climatal Zones* — ^In the preceding Chapter we have seen that 
climate has a most important influence upon vegetation ; and pro- 
ceeding on this ground, it is possible to divide the surface into 
climatal zones, within which a certain average character of vegeta- 
tion exists. But mere temperature is but one of the influences t 
and it is evident that many diverse conditions must exist within 
such climatal zones, dependent upon the other influences above 
referred to. Hence, although the general views afforded by mark- 
ing out climatal regions are useful to the beginner, it is necessary 
to bear in mind that they are essentially superficial. In Meyen’s 
subdivision of the globe, the zones were defined by parallels of 
latitude ; but the distribution of temperature, the chief agent here 
regarded, is so irrelative to the parallels, especially in the northern 
hemisphere, that we have modified them by isoihennal lines ob- 
tained from Dove’s maps. The isotherms selected are mostly 
annual temperatures ; but in defining the Arctic regions it has 
appeared more natural to take the line indicating an equal tem- 
perature in the months of September and July. 

In the following summary the names of Meyen’s zones are 
retained ; the peculiar limitation by isothermal lines is indicated 
for each zone. 

1 . The E^iatorial Zone , — This zone, as limited by us, comprehends but 
a comparatively small raiige in the New World, and is most developed in 
the Old, especially in Africa. On consulting an isothermal map, it will 
be observed also that the larger portion of it lies on the north sme of the 
equator, since the preponderance of land in the northern hemisphere 
deflects the isothermal lines in this direction. The boundaries are the 
annual isotherms of 79°*3 F. (26° 0.) on each side of the equator ; hut it 
may be noticed that in Africa, as well as in Hindostan and in the Indian 
arcnipelago, there exist between these lines circumscribed regions in 
which the annual isotherms rise to 81°-6 F. (27° C.). 

The characteristics of this zone are marked by the extreme luxuriance 
of vegetation, from the great heat, together with the abundant moisture. 
The trunks of the trees attain enormous diameter ; the flowers have most 
hriJiiant colours ; and not only is the earth clothed most profusely with 
numberless forms of plants, but the trees are overgrown by Orchids, 
Aroids, Bromeliacess, and Ferns, and matted together by IdaneSf or 
gigantic rope-like woody climbers ; so that the primmal present 

such a dense mass of vegetation as to he almost impenetrable, even to 
the explorer who advances axe in hand. The Palms, the Banana tribe 
(Musaceaj), arborescent Grasses, Pandanm, ScitaminesB, and Orchide» 
are very striking features ; the Fig-trees of most varied Muds, the Silk- 
Cotton-trees j^Bombacese) also abound both in the Old and New Worlds 5 
the Csesalpini®, Malpighiacese, Anacardiocese, Swieteniee, Anonese, Ber- 
tholletifiB, and Lecythidess especially mark the forests of America ; the 
Sapindaceae, Artocarpi, Sterculiaceae, Ebenaceae, Meliaceae, Laurineae, 
&c. those of the Old World. In this zone also, in the Indiim archipe- 
lago, occurs the most remarkable of the Bhizant^, the gigantic parante 
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in dimneter ; 1^ .^exi^ tliis is 

almost liralled by the Victoria Water-lily, and the Arbtdl^hias mth 
their enormotis helmet-like flowers— said, indeed, to he worn in sport as 
caps W the Indian boys. 

Bkm as the vegetation of this zone is in ^neral, we And within the 
limits some of tibe poorest tracts upon the globe — ^namely, where water is 
wanting. The African desert and a portion of Arabia are the most stiiking 
examples ; but the llanos of Venezuela are scarcely less parched and life- 
less during the dry season, and in the rai^ season present only grassy 
plains like the steppes of Central Asia. The poverty of these tracts is 
accounted for by their peculiar position, cutting them off from the in- 
fluence of moist currents of air, their natural waterless condition being 
of course dependent on the geological changes which gave them their 
present, configuration. 

2. 77te Tropical -These extend, in the north and south hemi- 

spheres, from the boundaries of the equatorial zone, at the isotherms of 
79°*3 F. (200 0,), to the isotherms of 7lf *5 F. (22° C.). Taken altogether, 
the characteristics of these zones, as might be expected, are closely allied 
to those of the preceding. Rio de Janeiro and Canton are cited by Meyen 
as instances of this resemblance ; Palms, Bananas, Cannacese, Meliacese, 
Anohacese, and Sapindacese prevail (in humid districts) here, and Orchids, 
Pothos-like plants, and Lianes abound. The Tree-Ferns, the Pepper- 
plants, Melastomaceae, and Oonvolvulacese, however, become more pro- 
minent here, and serve as distinctive characters j and it is stated that, in 
these zones, the forests exhibit fewer parasites and more underwood. 
That portion of the western coast of South America lying within the 
south tropical zone forms an exception to the general rule of luxuriance 
of veffetation, as does the inland tri^ of Africa hordering on the equa- 
torial zone. 

3. The Subtropical Zones . — ^These are bounded on the equatorial side by 
the annual isotherm of 72°*5 F. (22° C.), and towards the poles by the 
isotherms of 68° F. (20° C.). The countries lying within these enjoy the 
most delightful climates on the globe. Though the summer heat never 
rises to the intense heat of the torrid zone, it suffices to ripen most of the 
tropical flNiitsj while the winters are so mild that vegetation is never 
arrested. Palms and Bananas are stiU met with in the plains, and 
arborescent Grasses form a feature of the landscape, both in America 
and Asia ; but the most striking character of these regions is formed 
by the abundance of forest-trees having broad, leathery, and shining 
leaves, snch as the Magnolias and the Lauraceae, and also of the plants 
of the Myrtle tribe. Proteaceae, Acacias, and Heaths attain their 
maximum development. 

4. The Warmer Temperc^e Zonee, — ^Equatorial boimdaries, the ^annual 
isotherms of 68® F. (20° C.) ; polar boundaries, the isotherms of 64° A F. 
(say 12° C'.). The general characteristics of these zones arise from the 
combination of the imining, leathery-leaved trees of the subtropical zones 
with the forest-trees which we And in our own countiy, sucn as Oaks, 
Beeekas, &c. ; the Palms vanishj but a number of handsome evergreen 
shruW present themselves, ai^ Heaths, Oisti, and showy Leguminous 
]^aBto are very abundant. The countnas lying within these zones in 
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diffemit parts of the globe differ a. good deal m thdbr vegetatiop^ aad 
we may tii^efore enter in^ rather more detail here. 

In the Mediterranean region evergreen dicotyledonone trees with glossy 
leaves^ showy shrubs^ and many bnght-coloox^ bulbous plants abound ^ 
arborea, the Bay^ and the My^le are eharaoteristic ; the Turkey, 
Holm, and Cork Oaks, the Chestnut, the Strawberry-tree, with the 
Cherry-Laurel, Laurustinus, and Pomegranate are firequent, as are also 
the PhiUyreaB, Kosemary, Ol^der, dtc. 

The Vine is a native of this zone, and is said to attain a diameter of 
3 to 6 inches, and to climb to tbe top of the highest trees in the forests 
of Mingrelia and Imeritia. The barren tableland of Asia falls in this 
zone, as does Japan, which has a rich vegetation. In America are found 
abundance of Oaks and Pines, Magnoliaceas (such as tbe Tidip-tree), a 
number of Leguminous trees, with thorny Smilax-shrubs and gigantic 
Reeds; the Gleditschiae on the hanks of the Ohio are evergreen, with 
climbing Bignonise ; evergreen trees here correspond to those of Southern 
Europe, intermingled in the forests with Oaks, Beeches, Ash, and Pla^ 
tanus ocddentalts* 

In the southern hemisphere this zone includes part of New Zealand and 
Australia, where, again, evergreen trees are intermixed with forest-trees 
with deciduous leaves ; shrubby Perns abound, and the Leguminosss and 
Myrtacese are well represented. 

In South America, the Pampas-plains of Buenos Ayres fall in this zone, 
especially characterized by arborescent Grasses. Southern Chili represents 
the warm temperate vegetation with its ever^een forests of Myrtaoess, 
Beeches, and Araucarias; the Fuchsia is also characteristic of this region. 
The Chilian Palm, like the dwarf Palm of Southern Europe and the 
Palmetto of North America, forms an outlier from the subtropical region. 

6. The Cooler TemmraU Zones, — ^Equatorial boundaries, the annual 
isotherms of 64°*6 F. (12° C.) ; polar boundaries, the isotherms of 41° F. 
(6° C.). The especial charactenstics of these zones are the forests of deci- 
duous trees with inconspicuous blossoms, intermingled with social Conifers, 
together with the Grass-pastures. Here the trumcs of the trees are over- 

S own only with Mosses and Lichens ; the Honeysuckle, the Ivy, and the 
op are the only important climbers, very different from the Liams of the 
tropics. Shrubs are pretty frequent, but they mostly lose their leaves in 
winter, such as Roses, Brambles, Fibuma, &c. The social Dwarf-grasses 
on good soil, with the Sedges, Cotton-grasses, and Mosses of wet ground, 
characterize the plains, and extensive Heaths prevail in some districts. 
The contrast between summer and winter is strongly marked in the aspect 
of vegetable life : the trees are stripped of then* leaves, the herbs die 
down to dwarf tufts, or bide themselves altogether in the ground, and 
the snow covers the surface of the plains in severe Weather; but the 
warmth of summer, which brings out a lively and varied show of lowers, 
is sufficiently high to ripen the seeds of many, and thus annuals are more 
numerous than they are further north. 

This zone is not r^esented in Africa dr in the Sou& Sea. In South 
Amer ica it includes Patagonia. 

6. Saham^ie Zone, — ^£k|iiato8M boundary, the mnutal isothermal 
linoof 4PF.(l<»€0i polar baimdary,the^M 
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for month of ^ptemher. The southern hotmdary of tins zone in the 
northern hemigBihere corresponds pretty nearly to the limit of distribution 
of the Oak in £turope and uie east coak of North America, the northern 
boundary to the limit of the distribution of trees. 

The striking characteristic of this zone is, indeed, the predominance of 
the Coniferous trees in the woods, giving place northwards to the Birch 
and Alder, and generally alternating with Willows where the soil is 
moist. ^ Green pastures occur universally, especially adorned with showy 
flowering herbs in the spring and summer. 

7. 7%e Arctic Zme , — ^The equatorial boundary is the isotherm of 36® *6 
P. (2® 0.) for the month of September, or the polar limit of arborescent 
vegetation in the northern hemisphere ; the polar boundary is the isotherm 
of 41® F. (5® C.) few the month or July. The vegetation of this zone cowe- 
sponds to what we understand commonly as Alpine shrubs, consisting 
cniefly of prostrate shrubs, with a peculiar tortuous and compact habit of 
growth, such as the alpine Rhododendra, Andromedse, the dwarf Birch and 
Alder, the Bog-Myrtle and dwarf Willow, with a variety of low-growing 
perennial herbs, remarkable for the comparatively large size and bright 
colour of their flowers. Sedges and Cotton-grasses occur socially, in 
some places covering extensive tracts ; but the grassy pastures of the last 
zones are replaced to a great extent by tracts covered with Lichens. 

8. The Polar Zone . — ^Equatorial boundary, the isotherm of 41® F. (6® 0.) 
for the month of July ; p(^r limit, the isotherm of 36® *6 F. (2®0.) for the 
same montk This zone is characterized by presenting, in the four to six 
weeks of summer, an alpine vegetation devoid of even shrubs, and con- 
sisting of herbaceous perennials of dwarf habit, such as Saxifrages, Rar 
nunculi, Pyrolse, Potentillse, Pryas, Braba, &c., and possessing, moreover, 
certain genera (such as Parrya, Phippeia, and others) which, although 
they extend into the Arctic zone, are not met with in the alpine regions of 
the mountains of the more southern regions. In Spitzbergen, the number 
of Cryptogamic jdants is remarkable, the Lichens alone equalling the 
Flowering plants, and predominating even in mass as well as number of 
species. 


Sect, 2. Regions or Altititde. 

It is well known that the lofty mountains lying within the 
tropics exhibit a graduated variation of character in their vegeta- 
tion, and that those which rise above the limit of eternal snow 
display more or less distinctly marked regions, representing the 
zones lying between the plains at the foot of such mountains and 
the etemid ice of the polar zone. 

Humboldt divided the surface of tropical mountains into three 
zones, representing the tropical, temperate, and frigid zones of the 
globe, nnd indicated the principal subdivisions of the^ regions. 
Heyen at^mpted to lay down a mwe systematic rei«resentation of 
the >4eondiitioiis in question, corresponding to his division of the 
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earth’s surface into zones. Great difficulty interposes here in any 
attempt at generalization, since local conditions, arising from aspect, 
and conformation of surface, either giving more or less of preci- 
pitous chamcter, accompanied by sudden changes, or producing 
elevated plains, &c., cause such great differences, even within the 
limits of single mountain-systems, that no absolute rule can be ap- 
plied. The rules laid down by Meyen apply pretty well to his 
zones within the limits of Europe ; but, in the delineation of the 
regions of altitude of greater extent, great variation presents itself 
near the equator. 

The Snow-line. — According to Meyen’s views, the snow-line, beginning 
at the polar zone, rises between 1900 and 2000 feet above the level of the 
sea, and in the equatorial zone to 15,/500 or 16,C00 feet ; and he divides 
the regions of altitude in accordance with this, raising each region between 
1900 and 2000 feet in each zone, as he approaches the equator. Now at 
North Cape, which lies near the polar limit of our subarctic zone, and in 
Iceland, which is crossed by the same limit, the line of perpetual snow is 
at about 2000 feet j we may therefore take this as the snow-line of the 
arctic zone. The equatorial limit of the subarctic zone falls in Southern 
Norway, where the snow-line is at about 4000 feet ; while the equatorial 
limit of our cold temperate zone is not far removed from the ^ps and 
Pyrenees, where tlio snow-line rises to 8000 feet and more. In the south 
of Spain, lying within tlie warm temperate region, snow lies in isolated 
patches below 11,000 feet. In the district of Sierra Nevada, which is one 
of the best-known of the mountains of this zone, as regards vegetation, 
there is a subtro})ical region up to 000 feet, the true warm temperate 
vegetation extends up to about 4000 feed, a cold temperate vegetation 
from about 4000 to 6500 j the vegetation then passes into a condition 
allied to the subarctic, but without trees, and characterized by shrubs of 
a similar nature to those of the arctic zone. This region extends to 8000 
feet ; and thence to the summits of 11,0U0 feet there is an alpine summer 
vegetation (snow lying for eight months out of the twelve), which, again, 
is intermediate in character between those of the arctic and polar, con- 
sisting chiefly of perennial herbs like the latter, but presenting a formation 
of turfy pasture to some extent in the warm season. In the Caucasus 
the snow-line is much higher. 

In the subtropical zone, on the Peak of Teneriffe, we find the vegeta- 
tion of the warm temperate zone from about 2000 to 4000 feet, a repre- 
sentation of the cold temperature from 3000 to over 6000 feet ; at about 
8000 feet the climate is subarctic. This mountain does not reach the 
snow-line. 

In Mexico, lying in our tropical zone, the lines are respectively shifted 
up in about the same ratio. We see throughout, then, a deviation from 
Meyen’s ratio, in the tendency of the colder zones to widen out on the 
mountains of warmer zones ; but this is partly owing to our dividing the 
zones according to temperature, and not according to latitude 

If we attempt to lay down the conditions of the mountains of Asia 
under a similar point of view, we find greater deviations. The mass of 
elevated land in Central Asia modifies all the dimatal conditions very 
much. The snow-lines of the mountains of the cold-temperate and warm- 
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temperate zones rise to 14,000 feet; that of the Himalayas to 18,000 feet 
in tne northern parts. Our data scarcely suffice for the illustration of 
these modified conditions, and therefore we have confined ourselves to a 
limited number of the best-explored mountain-regions of the Old and New 
Worlds. 

We now give a brief sketch of the characteristics of the different 
regions of altitude, as classified by Meyen. 

1. Megion of Palms and Bananas, — Corresponding to the equatorial 
zone, and alreac^ characterized under that head, p. 669. 

2. Begion of free^Feims and Figs. — Corresponding to the tropical zone, 
p. 670. The genus Ficus is most prevalent in the elevated forests of the 
equatorial zone of the East Indies, giving them a remarkable character 
of gloomy grandeur and impervious density. 

3. Megion of Laurels and Myrtles. — Corresponding to the subtropical 
zone, p. 670. 

4. Kegion of Everg^'een T\*ees. — Corresponding to the warm-temperate 
zone, p. 670. 

5. Megion of Deciduous Trees. — Corresponding to the cold temperate 
zone, p. 671 ; but this region seems to be absent from the mountains in 
many parts of the tropical and equatorial zones, since the trtje-limit is 
carried down by peculiarities of climate, which, on the other hand, favour 
the advance of more southern forms into the upper regions. In Java and 
Sumatra, stunted trees of the class belonging here replace the dwarf 
Conifers of European mountains, and foim the tree-limit far below the 
altitude at which forests of tall Conifers occur in the more northern 
Himalayas, — a condition explained in some degree by the local circum- 
stances of the equatorial mountains, which are deficient in the supplies of 
moisture furnished by the vast masses of snow resting perpetually upon 
the Himalayas. 

6. Megion of Conifers. — Corresponding to the subarctic zone, p. 671. 
This zone, characterized by the growth of Pines and Firs, is well repre- 
sented on most mountains, with the exception of the Peruvian Cordilleras, 
where the Escalloniese are said to be substituted for them. But the Conifers 
do not always form the uppermost belt of trees, even when they fiourish in 
a well-defined region. Thus the region of the Conifers, in a general 
sense, wmch reaches to the tree-limit with Pines in the Alps, Pyrenees, 
and the Andes of Mexico, includes, in the Scandinavian mountains, in the 
Hinilayas, and the Caucasus, a region of Birches, which rise out of it to 
form the last representatives of arboreal vegetation. 

7. Megion of Alpine Shi'uhs or of Rhododendra, — This region corre- 
sponds to the Arctic zone, p . 672. In the Himalayas, dwarf Willows, J imi- 
pers, and species of Mibes or Current seem to represent the vegetation of this 
region ; while on the Andes of Quito the genus Befama appears to cor- 
respond in its geographical devel^ment to the Rhododendra of the north. 

8. Megion of Alpine Herbs. — Corresponding to the polar zone, p. 672, 
usually presenting only patches of vegetation scattered over a broken surface 
of ground, covered during the greater part of the year with snow, and ex- 
hilnting accumulations in all seasons in sheltered spots. Lichens abound 
here ; iecidea geographica has been found in most diverse localities where 
bare rock rises above the ground, forming generally the last trace of vege- 
tation. The plants of this region are remarkable in many respects, in 
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none more than the beauty and com^aaratiyely large size that usually cha- 
racterize their flowers. Thejf are mostly of perennial growth, since, 
although the severe cold prevailing throughout the greater part of the 
year is unfavourable to the maturation and preservation of seeds, the 
thick covering of snow protects established plants from the severe frost ; 
and it is known that wiey are arrested in warmer regions where winter 
frosts prevail without great accumulations of snow, precisely because 
they are then incapable of bearing the cold, to which they are directly 
exposed. 

The great discrepancies existing between mountains occurring in the 
same zone indicate that local circumstances, must have most powerful in- 
fluence in determining the altitudes attained by the various classes of 
vegetation. We are not in a position to give the real temperatures of 
regions of altitude with any accuracy in most cases, or these would pro- 
bably greatly assist in ascertaining the direct causes of aberration ; for 
differences of temperature certainly accompany the difference of elevation 
attained by particular forms of plants. Good examples of the influence 
of the form and local conditions of mountains are furnished by Teneriffe, 
Ararat, the Himalayas, and the Rocky Mountains of North America. 
The first is an isolated mountain, exposed to the equalizing influence of 
the ocean the second an isolated mountain situated in the interior of a 
continent } the two chains are portions of enormous systems of mountains 
extending over large regions in the interior of continents. To work out 
this subject thoroughly, however, it is necessary to observe not only the 
conditions of different mountains, but those of the different declivities of 
the same mountain ; since, when great elevations are attained, chains of 
mountains form the boundaries of local climates, and present diflerent 
conditions on the two faces. 


Sect. 3. Division of the Globe into Regions havino 
Chaeaotebistio Vegetation. 

The character of the vegetation of different regions is influenced 
not merely by climate, but by the more remote causes referred to 
in the last Chapter, which have led to the distribution of plants 
over more or less extensive areas, and their restriction witibin 
narrow limits in other cases ; further, by the habit of plants, as 
by a social mode of growth, by size, &c. 

Many attempts have been made to divide the earth^s suiface 
into Botanical Regions, according to their characteristic vegetation. 
None of these can be regarded as satisfactory ; but perhaps the 
generalizations of Schouw and Grisebach are, on the whole, those 
which suggest most to the student. We therefore introduce here 
a brief account of the regions into which those authors divide the 
globe. 

Phyto-geog'rwphk Regions . — ^The regions established by Schouw 
are founded on the following principles ; — 


2x2 
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1. At least one half of the known species of plants of the tract 
constituting a botanical region are peculiar to it. 

2. A fourth part of the genera of the region are either peculiar 
to it, or have so decided a maxiipum that they are comparatively 
rare in other regions. 

3. The individual Orders of plants are either peculiar to the 
region or have a decided maximum there. 

Grisebach’s regions in many respects correspond with those of 
Schouw ; each of them is further divided into zones according to 
altitude above the sea-level up to the line of perpetual snow. The 
limits of each region are fixed by mountain barriers, the presence of 
seas, and other impediments physical and climatic, and therefore 
varying in particular instances. 


1. Region of Mosses and Saxifrages {Arctic- Alpine^ or 
Wahlenberg*8 Region)^ 

Mean tempe^'ature, — Polar regions, 2°-41° Fahr. ( — 17° to -5° C.). 

Mountains in the south, §1°~37° Fahr. ( — 6® C. to — 8° 0.). 

This corresponds to Grisebach’s Arctic region, and includes those 
regions which lie beyond the limits of forest vegetation. The period of 
vegetation only lasts a few weeks. 

Character^ — Characteristic and predominant genera — Ranunculus, Ara- 
bis, Draba, Arenaria, Dryas, Potentilla, Saxifraga, Rhododendron, Azalea, 
Gentiana, Pedicularis, Salix, Musci, Lichenes. Of the polar countries 
especially — Coptis, Eutrema, Par^a, Biapensia, Andromeda, Ledum. Of 
the mountain regions — Cherleria, Campanula, Phyteuma, Primula, Aretia, 
Soldanella. Dwarf perennial herbs with comparatively large flowers of 
bright colours. Annuals and trees absent. 

^edominant shruh^ and half-shrtths of the polar countries.' — Betula nana, 
Sahx herbaceaand other species, Rubus Chamfemorus, Empetrurn nigrum, 
Andromeda^iiypnoides, A. tetragons, Arbutus alpina, A, U va ursi, Azalea 
procumbens, Rhododendron lapponicuin, Menziesia cserulea. 

Predominant shrubs and half -shrubs of the mountains. — Juniperus nana, 
Alnus viridis, Salix reticulata, S. herbacea, Rhododendron ferrugineum, 
R. hirsutum, R. caucasicum, Vaccinium Myrtillus, V. uliginosum, Azalea 
procumbens. Arbutus alpina, A. Uva ursi, Empetrurn nigrum. 

Plants which approach very closely to the snowdine, — Ranunculus gla- 
ciaiis, Saxifraga opjwsitifolia, Silene acaulis ; in the polar coimtries espe- 
cially, Agrostis algida, Ranunculus hyperl^reus, K. nivalis, Saxifrages 
rivularis, S. cernua, S. nivalis, Papaver nudicaule, Draba alpina, Lychnis 
apetala, Diapensia lapponica. In the mountain-regions, Saxifraga mus- 
coides, S. bryoides, Cnerleria sedoides, Aretia helvetica, A. alpina, Draba 
nivalis, Petrocallis pyrenaica, Arabia nellidifolia, Myosotis nana, Gentiana 
nivaHs, Achillea nana, Linaria alpina. No cultivation in this region. 

The flora, as a whole, as tabulated by Hooker, is decidedly Scandinavian. 
Some of its members are universally "dijOTused throughout the globe, even 
in the tropics (on mountains) \ hence the Scandinavian flora is considered 
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to be the oldest existing flora. The most northern position in which 
flowering plants have yet been found is , in Smith’s Sound, in lat. 82® N., 
where Dr. Bessels found Braha alpina^ Cerastium dpinurn^ Taraxamm 
dens konis^ and Poa f^xuosa, (The principal authority on the subject of 
the Arctic Flora in its geographical €bsjpect is Hooker, whose paper On 
the Distribution of Arctic rlants ” is mcluded in the Linnsean ^ansac* 
tions, vol. xxiii.J 


2. Region of JJunbellifeTee {NorthrEuropean md Nortk-Asiatic, or 
Zinnatds Region), 

Mean temperature^ 29°-46° Fahr. ( — 2® to —8® C.). 

This corresponds to Grisebach’s Europseo-Siberian Forest region, and 
is characterized by uniform temperature and absence of a dry season. 
The Atlantic coast is milder than the inland continental regions. Grise- 
bach establishes 7 zones of altitude : — 1. The zone of the Sweet Chestnut, 
Castanea vesva ; 2. The zone of Pinus picea (Germany) ; 3. The zone of 
the Turkey Oak, Quercus Cerris (Hungary) ; 4. The central Russian 
forest zone (Oaks) ; 5. The northern zone of Conifers (Larches, Pines, 
Firs, with Birch) ; 6. The zone of Quercus mongolica ; and 7. The zone 
of Betula Ernmnni. 

General Character. — Umbelliferae, Cruciferte, Coniferfe, Amentacese, 
Graminaceee, Carices, Fungi, Cichoraceee, Cynaress ; in Asia, more par- 
ticularly, saline plants (such as Salsola and Salicornia) and Astragalese. 
Luxuriant pastures ; forest trees with deciduous leaves ; a few Heaths. 

Predomimnt trees and shrubs. — Pinus sylvestris, P. cenibra, P. sibirica, 
Abies excelsa, A, pectinata, Larix europsea, Juniperus communis, Betula 
alba, Alnus glutiuosa, A. incana, Fagus sylvatica, Quercus pedimculata, 
Q. sessiliflora, Carpinus Betulus, Castanea vesca, Salices, Populus tremula, 
Corylus Avellana, Ulmus campestris, Calluna vulgaris, Prunus spinosa, 
Pyrus Aucuparia, Acer Pseudo-platanus, A. platanoides, A. campestre, 
Tilia platyphylla, T. microphylla. 

Cultivated plants. — Cereals : Rye, Barley, Oats, Wheat, Spelt, Maize, 
Millet (Panicum miliaceum) , Buckwheat, Potato. Barley extends furthest 
to the north, followed southward by Rye, Oats, and Wheat. 

Fruits. — Apple, Pear, Quince, Cherries, Plums, ApricoL Peach, Mul- 
berry, Walnut, Grape, Currant, Gooseberry, Strawberry, Melons. 

Escuknt vegetables. — Cabbage, Rape, Turnip, Radish, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, Cucumber, Gourd, Carrot. 

Fodder plants, ^c, — Clovers, Vetches, Lucerne, I^e-grass; Hops, 
Flax, Hemp, Tobacco. (The publications of Ledebour, Regel, and nume- 
rous other Russian botanists should be consulted as to this region.) 


2 a. The Steppe Region. 

This region, as laid down by Grisebach, extends from the Black Sea 
to the frontiers of China, and from Southern Siberia to the Himalayas, 
thus including almost the whole of Central Asia. The climatal conditions 
are a severe winter, a short spring, a burning summer succeeded by wintet* 
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The plants^ then, nallYe to it muat he capable of g^wing in the short 
spring and, while at rest, be able to endure prolonged droi^ht and intense 
extremes of temperature. Bulbous plants, plants with stifl:* spiny branches 
and email foliage, or plants densely covered mth hair^ abound. Salt 
plfiins are abundant yielding a peculiar vegetation, including many Che- 
nopods, such as the Saxal Anabasis ammodmSrm, (Humboldt’s 
Centrale ’ should be consulted on this region.) 

3. Begion of the Labiates and Caryophylhee (MedUerranean^ or 
Be CandoUe's Region), 

Mean temperature^ 66°-7S® P’ahr. (18®-23® C.), 

This, the Mediterranean region of Qrisebach, is characterized clima- 
tically by very hot dry summers and mild winters. Plants grow in spring, 
rest in the hot dry season, and grow again in autumn. Scliouw includes 
the Atlantic islands in this botanical region. 

Character. — ^IjabiatsB, Caryophylleae, Boraginese, Cistineae, Liliacese; 
the Orders cited in the preceding region, but mostly less prevalent, espe- 
cially the Carices. Representatives of tropical Orders— Palmae, Tere- 
bintnaceae, Lauraceae, — Orders which increase towards the equator be- 
coming more numerous: Leguniinosae, Malvaceae, Solanacese, Euphor- 
biaceae, Urticaceae. 

Genera. — Adonis, Trigonella, Trifolium, Mediesgo, Genista, Cytisus, Sca- 
biosa, Antbemis, Achillea, Verbascum, Narcissus; many evergreen trees 
and shrubs ; a greater number of woody plants than in tne second region ; 
pasture less luxuriant ; a winter flora existing. 

Predominant trees and shrubs. — Evergreen trees and shrubs form a 
feature of the flora, Pinus Pinea, P. Pinaster, P. h'alepensis, P. Laricio, 
Cupressus sempervirens, Juniperus phoenicea, J. macrocarpa, Quercus 
Cerris, Q. pedunculata, Q. sessiliflora, Q. Ilex, Q. Suber, Q. Jllgilops, 
Q. coccifera, Q. infectoria, Castanea vesca, Platanus orientalis, Alnus 
cordifolia, Oorylus Columa, Ostrya vulgaris, Acer monspessulanum, A. 
neapolitanum, Pistacia Lentiscus, P. Terebinthus, Ceratonia siliqua, 
Cercis siliqipstrum, Genista scoparia, Mespilus pyracantha, Pranus lauro- 
cerasus, Taihaxix gallica, T. afneana, Myrtus communis, Punica Grana- 
tum, Opuntia vulgaris, Viburnum Tinus, Arbutus Unedo, Erica arborea, 
E. scoparia, Rhododendron ponticum, R. maximum, Cisti, Phyllyrea lati- 
folia, P, angustifolia, Ornus europwa, O. rotundifolia, Nerium Oleander, 
Rosmarinus oflicinalis, Ephedra distachya, Chamaerops humilis, Ruscus 
aculeatus, Smilax aspera, Tamus communis. (The highest parte of the 
mountains here belong to the first region, the middle elevations to the 
second region.) Many plants have been introduced and become quasi 
naturalized; such as the Date-Palm, Agave americana^ Opmtia^ JEkeOf- 
lyptus globulus, &c. 

Cultivated plants. — ^The same as in the preceding region ; but the follow- 
ing are more rave, or only seen on the mountains— Rye, Currants, Goose- 
berry, Buckwheat, and Hop ; while the following are added : — 

(jereak. — ^Rice, Millets (Sorghum vulgwe, Panicum itaUcum). 

Rruks. — Almond, Pistachia-nut, Lemon, Citron, Sweet and Seville 
Oranges, Pricfcly Eig (Opuntia), Water-Melon, Olive, the latter being 
chasaut^tic. 
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JSs&dent8 Mdoiigeii^ tpmaito, AmB, Coriander, Cotton^ WMte 
Mulberry, S^ou, Suniaiob, Lupine, Sainfoin* 

ChaructemUc forme . — Sempervivum arboreum, S. canariense, S. tor*^ 
tuosum, &c., Ilex Perado, Cacalia, Kleinia, Sonchue fruticosus, Arbutiw 
callicarpa, Ardisia excelsa, Oeropegia apbylla, Echium giganteum, &c., 
Laurus fcetens. Euphorbia balsamifera, E. canariensis, Myrica Faya, 
Pinus canariensis. 


4. Region of Aeteres and Solidaginee {Northern North-Armrican^ or 
Michaux'e Megim). 

Mean tempercdurcy 9°-69® Fabr. (12°-16° C.). 

The northern part of this region corresponds to the Europaso-Siberian 
region of Grisebach (p. 677), the Californian coast represents the Medi- 
terranean region, while the central prairies are the analogues of the Asiatic 
steppes. The American forest region has a lower temperature than that 
of Europe. New York has about the summer temperature of Rome and 
the winter temperature of Copenhagen. The United States Flora, accord-, 
ing to Gray and Hooker, consists of three main elements, an endemic 
American, a European, and an Asiatic j while that of the temperate Old 
World is, in a continental point of view, binary — ^Europe and Asia having 
many types in common, but ve^ few representatives of the strictly Ame- 
rican flora. The distribution of North- American plants, unlike the Euro- 
pean, is mainly in a meridional direction, the difference of the floras of the 
Eastern, Central, and Western States bein^ wonderfully great. ^ The 
European components extend over the whole breadth of the continent, 
diminishing, however, to the westward. The American components pre 
sent many localized genera, inhabiting the Eastern, Central, and Western 
States respectively ; they increase in numbers and peculiarity, as also in 
restriction of range, towards the west. The Asiatic components are 
found both in the Eastern and Western States, but liardly at all in the 
Central j and some of them are common to both the east and west, while 
others are peculiar to each. But whereas the European components 
prevail on the side towards Europe, the maximum of Asiatic represen- 
tation is on that remote from Asia. This has been conspicuously shown 
by Gray’s discovery, in the Eastern States, of single representatives of 
Japanese genera previously supposed to be monotypic ; and what is most 
noteworthy is, that such representatives are in some cases extremely rare 
local plants, found in single and very restricted areas, indicating a dying- 
out of the Asiatic representation in America. 

Character . — ^More species of Ooniferi© and Amentaceae than in the second 
region, but fewer Umbelliferas^ Cruciferee, Cichoracese, and Oynarese. 

Hydrastis, Sangumaria, Hudsonia, Ptelea, Robinia, Gymno- 
cladus, Pursbia, Gillenia, Decodon, (Enothera, Clarkia, Ludwgia, Baa*- 
tonia, Olaytonia, Heuchera, Itea, Hamamelis, MitcheUa, Aster, Soiidago, 
Liatris, Rudbeckia, Gaillardia, Vaccinium, Andromeda, Sabbalna, 

Houstonia, Hydrophyllum, Phlox, Monarda, Bodecatheon, Birca, Hamil- 
tonia, Lewisia, Trfllium, Medeola. 

Predominant trees and shrubs . — ^Pinus Strobus, P. inops, P. resinosa, P/ 
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Banksiana, P. variabilis, P, rigida, P. serotina, P. pungens, Abies bal- 
samea, A. taxifolia, A. canadensis, A. nigra, A. rubra, A. alba, Larix pen- 
dula, L. macrocaim, Thuja occideniilis, T. sphesroidea, Juniperus virgi- 
niana, J, Sabina> Taxus canadensis, Quercus, 26 sp., Fagus^ sylvatica, F. 
ferru^ea, Oastanea americana, 0, pumila, Ostrya virginica, Oarpinus 
americana, Corylus americana, 0. rostrata, Alnus glutinosa, A. crispa, 
A. serratttla, Betula nigra, B. papj^racea, &c., Salix, 27 sp., Populus bal- 
aamifera, P. monilifera, &c., Mynca cerifera, &c., Platanus occidentalis, 
Liquidambar styraciflua, Juglans nigra, J. cinerea, &c., Ulmus americana, 
&C. J Nyssa aquatica, Fraxinus alba, F. nigra, &c.^ Ornus americana, Kibes 
floridum, R. aureum, &c., Vaccinium, 20 sp., Andromeda, 10 sp., Kalmia 
latifolia, K. angustifolia, K. glauca, Azalea viscosa, A. nitida, A. glauca, 
A. hudiflora, &c., Rhododendron maximum^ Oornus liorida, C. alba, 0. ca- 
nadensis, &c., Hamamelis yirginiensis, ^ireoa salicifolia, S. charnsedri- 
folia, S. opulifolia, S. hypericifolia, &c., Grillenia trifoliata, Crataegus, sp., 
Cerasus pumila, C. nigra^ &c., Purshia tridentata, Rubus, 20 sp., Pyrus 
sp., Robinia Pseud-acacia, R. hispida, Gymnocladus canadensis, llhus 
typhina, R. glabra, R. venenata, R. toxicodendron, &c., Ptelea trifoliata, 
Ceanothus americanus, &c., Rhamnus alnifolius, &c., Ilex opaca, &c., 
Euonymus americanus, E. atropurpureus, Staphylea trifolia, Ampelopsis 
hederacea, Acer rubrum, A. dasycarpum, A. saccharinum, A. striatum, 
Negundo fraxinifolium, Xanthoxylum fraxineum, X. tricarpum, Tilia gla- 
bra, T. pubescens, Liriodendron tulipifera. 

In the northern parts (to 60°~66® n. l.) no cultivation. South of this 
the same plants as those cultivated in the second region, but Maize more 
extensively. The Californian climate is very uniform, the resting period 
of vegetation occurring in the dry summer. Vines, Olives, Maize, Oranges, 
and truit-trees of all kinds flourish here as well as Wheat, whilst the 
loftiest forest trees, the Sequoias, grow here as once they did in Britain. 

The Praine Region corresponds to the Steppe Region of Central Asia. 
Extremes of temperature and great drought are the characteristics of this 
region j salt plains exercise a marked influence on the vegetation, but 
where irrigation is practicable the country becomes very fertile. 

The evidences of climatic changes in past eras of the existing flora of 
the contiii|»t^ says Hooker, are seen in the prevalence of arctic and 
northern species of plants in the alpine zones of the meridional mountain- 
cWns, the Appalachian, Rocky M!()untain8, and Sierra Nevada, even as 
far south as the 33rd parallel. These plants had spread southwards 
during a period of cold, and on its subsequent mitigation had retired to 
the lofty situations they now inhabit. To the former existence of a 
warmer climate we may partly look for the extension of Mexican types 
to. the dry regions west of the Rocky Mountains up to the 41st parallel ; 
and to it may be attributed the remarkable northward extension of the 
Cacti in a very narrow meridional belt, scarcely 100 miles broad, along 
the eastern flanks of the same mountains, from their headquarters in New 
Mexico, in the 33rd, almost to the 60th parallel. 

(See Gray’s ^Botany of the Northern United States,’ and numerous 
publications of the American botanists on the Flora of their continent* 
Sir W. Hooker’s ^ Flora Boreali-Americana ’ should also be consulted.) 
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5. jRegion of Magnolia {Southern North-Americany or Pursh^s Megton), 
Mean temperabaref 69®-73® Fahr. (15°‘-23® 0.). 

This region is included with the preceding in Grisebach’s North-Ame- 
rican Forest zone, but the vegetation is of a more tropical type, and ever- 
green exogenous trees are more abundant. 

Character , — A certain approximation to the tropical vegetation ; Can- 
nes (Ganna, Thalia), Palmae (Chamaerops), Yucca, Cycadeae (Zamia), 
Laurus, Ipomaea, Bignonia, Asclepias, Cacteae (Mammillaria, Opuutia), 
Khexia, Passiflora, Cassia, Sapindus. 

Few Labiatas, Oaryophylleae, Umbelliferae, Cichoraceae, Geranieae ; few 
species of Aster or Solidago. 

Trees with broad shining leaves and large flowers. 

Genera. — Magnolia, Linodendron, Illicium, Asimina, Dionaea, Pavia, 
Amorpha, Gleditschia, Baptisia, Petalostemon, Calycanthus, Qilaothera, 
Claytonia, Budbeclda, Liatris, Silphium, Kalmia, Houstonia, Frasera, 
Ilalesia, Dodecatheon. 

Predominant trees and shrubs . — Magnolia grandiflora, M. glauca, &c., 
Illicium floridanum, I. parviflorum, Liriodendron Tulipifera, Asimina, 8p.> 
Pavia flava, P. macrostachya, &c., Amorpha fruticosa, &c., Gleditschia 
tiiacanthos, &C., Itobinia viscosa, Cassia Tora, C. marilandica, &c.. Acacia 
glandulosa, Calycanthus floridu8,&c., Kalmia hirsute, K. cuneata, Opuntia 
vulgaris, O. fragilis, 0. missouriensis, Halesia tetraptera, H. diptera, Lau- 
rus Catesbyanus, L. carolinieusis, L. Benzoin, L. Sassafras, &c., Juglans 
fraxinifolia, Oarya aquatica, C. myristicifonnis, Liquidambar styraciflua, 
Carpinus americanus, Castauea americana, C. pumila, Platanus occiden- 
talis, Quercus, 25 sp., Taxodium distichum, Pinus Ta=5da, P. palustris, 
in the south Pinus australis covers large districts of sandy waste, Zamia 
integrifolia. Yucca gloriosa, Y. aloifolia, &c., Chameerops Hystrix, C. 
Palmetto, C. serrulata. 

Cultivated plants . — About the same as in the third region, with the ex- 
ception of the Olive. Cultivation of Rice more extensive. In the southern 
parts some tropical plants, especially Cotton and the Sugar-cane. 


6. Region of Camdliece and Celastrinea ( Chinese, Japanese, or 
Kmmpfer's Region). 

Mean temperature, 54°-68° Fahr. (12°-20® C.). 

This is the Chino-Japanese r^on of Grisebach. The climate is mode- 
rate with abundant, equally diffused rainfall. The country has been so 
long under cultivation, the forests destroyed, and much of the land altered 
by irrigation, that the natural characteristics are greatly obliterated. 

Genera. — Magnolia, Nandina, Eurya, Camellia, Thea, Celastrus, Bex, 
Euonymus, Bumalda, Hovenia, Kema, Spirsea, Gonocarpus, Lagerstroe- 
mia, Aucuba, Bladhia, Eleagnus, Polygonum, PoUia. 

Predominant trees and sArwfts.— Rhapis flabellifonnis, Pinus sinensis, 
&c., Cunuinghamia lanceolata, &c., Taxus nucifera, T. verticillata, Salis- 
buria adiantifolia, Cryptomeria japonica, Oupressus pendi^, Juniperus 
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virginicuoia. Th^qija orientaJis, T. dolabTata, Qu6TOus glabra, Q. glauca, Alnus 
japozdca, Juglaas nigra, Broussonetia papyrifera, Daphne (^ora, Laurus 
glauca, L. ludda, L. umbellata, L, peduncmata, Olea fr^rana, Diospyros 
Kaki, Mespilus japonica, Sopbora laponica, Acer mponicum, A. septem- 
lobatum, A. palmatunn &c., Camellia japonica, 0. Sasanqua. 

CMvated plants, — Kice, Wheat, Barley, Oats, Doura (Sorghum vul- 
g£tte), Millet (Eleusine corocana), Buckwheat, S^o ((^cas revoluta), 
Taro (Arum or Caladium esculentum^, Batatas or Sweet Potato ; yarious 
species of Pear, Apple, Crab, &c., Qmnce, Plum, Apricot, Peach, Medlar; 
many species of Citrus (Oranges, Shaddocks, &c.), Melons. 

Tea, Rape (Brassica sinensis), Radish, Cucumber, Gomds, Watei^ 
Melon, Anise, Star-Anise, Soja, Nelumbium, Trapa, Scirpus tube- 
rosus. Convolvulus reptans, Beans, Peas, Solanum sethiopicum, Sesa- 
mum. Hemp, Paper Mulberry, Cotton, Indigo, Isatis indigotica, Urtica 
ni vea. (The publications of Bunge, Maximowicz, Bentham (Hong Kong) , 
Siebold, Miquel, Gray, Franchet, and Savatier are amongst the principal 
dealing with this region.) 


7. Region of the Scitaminecd (Indian, or Roxburgh's Region), 

Mean tempet'ature, 66°--83° Pahr. (19°-29® C.). 

This corresponds nearly to Grisebach’s Indian Monsoon region, and is 
tropical in character, varying according to altitude and the direction of 
winds, the degree of moisture, &c. The growing period for plants is in 
the rainy season. It includes the Indo-Malayan region with the islands 
of Java, Borneo, New Guinea, &c. 

Character . — The tropical Orders make their appearance, or become more 
abundant : Palmaceae, Cycadaceee, Scitaminese, Aroidese, Artocarpaceee, 
Urticaceae, Euphorbiaceae, Lauraceae, Convolvulacese, Bignoniaceae, Apo- 
cynacese, Rubiacese, Leguminosa3, Terebinthacese, Meliacese, Guttiferee, 
SapindacesB, Byttneriacese, Malvaceae. 

The extra-tropical vanish, or only present themselves sparingly : Cari- 
ceae, Cojiiferse, Amentaceae, Labiatae, Boragineae, Composite, ftosacese, 
Ca^ophylleae, Cistaceae, Cruciferse, Ranunculaceae. 

Cenera, — Uvaria, Grewia, Eriolsena, Garcinia, Buchanania, Crotalaria, 
Flemingia, Butea, Carpopogon, Jambosa, Gratiola, Tectona, Holmskiol- 
dia, Ficus, Phytocrene, Calamus. 

The trees are never without leaves. The number of arborescent plants 
is greater than outside the tropics. Large and splendid flowers. Many 
climbing, parasitical, and epiphytic plants. 

Rredominant arborescent plants. — Dilleniaornata, D. scabrella, Uvaria, sp., 
Michelia Champaca, &c., Bombax insignis, &c., Sterculia, sp., Astrapaea 
W^chii, Eleeocarpus, sp., Calophyllum, sp., Garcinia, sp., ISapindus, sp., 
Swietenia febrifuga, Cissus, sp., Aquilaria malaccensis, ^mecarpua Anacar- 
dium, Melanorrhcea usitata, Mimosa, sp., Acacia, sp., Amherstia nobilis, 
Pterocarpus santalinu^ Cassia flstula, Jambosa, sp., Hardenia, sp., Nauclea, 
sp., Uncaria Gambir, Diospyros Ebenum, &c., CJrceola elastica, Bimonia, 
sp., Avicennia tomentosa, Tectona grandi8,T. Hamiltoniana, Laurus Cassia, 
L. Cinnamomum, L. malabathriGa,Tetranthera, sp., Myristica^ sp.,Heman- 
dia Sonora, Hcus reli^osa, F. indica (the Banyan), F. elasuca, F. benja- 
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mina^ aad many others; Oycas revoluta^ Berassua fiabelHformis, Cooos 
nucitera; C^amus Botang, C. rudentum, C. Draco, &c., Areca Catechu, 
Dracaena Draco, Pandanus odoratissimus, Bambusa arundinacea. 

(MMvated plants, — Bice, Millets, &c. (Panicum frmnentaceum, Eleusme 
coracana, Sorghum, sp.), Sago (Cycas drcinalis). Yams, Ground-nut (Ara- 
chis), Oocoarnut, Tamarind, Mango, Mangosteen, Bananas, Plantain, Bose- 
Apples (Eugenia, Jambosa), Guava, Oranges, Shaddock, Water-Melon, 
Sugar, Coffee, Cloves, Pep;^r8, Ginger, Cardamoms, Turmeric, Cotton, 
Inougo, &c», ^ja. Beans, Klses (Dohchos, sp.). Opium, Poppy, &c. 

(The publications of Boxburgh, Boyle, Blume, Wight, Hoolter, Thomson, 
Miquel,feccari, and others on the botany of this region are very numerous. 
Hooker’s ^ Flora of British India ’ will lie the most complete enumeration.) 


8. Megim of Bhododendron-^trees (Emodic, or WaUicKs JRegion), 
Altitude^ 5000-12,000 feet. Mean temperature^ 66^ Fahr. (19° C*). 

Character. — ^Included in Grisebach’s Indian Monsoon region, of which 
it forms a marked subdivision. Tropical forms dis^pear or decrease : — 
Palmaceffi, Cycadaceae, Scitaminese, Euphorbiaceae, Convolvulaoese, Apo- 
cynacesB, Terebinthaccae, Leguminosae, Malvaceae, Anonaceae. 

Extratropical, especially European, forms come to light, or become 
more abundant than in 7, such as Oariceae, Amentacess, Uoniferae, Poly- 
goneae (Bumex, Polygonum, liheum), Primulaceee (Primula, Lysimachia), 
Labia tae, Ericaceas (Khododendron, Andromeda), Cichoraceae, Umbolli- 
ferae, Bosaceae (PotentiUa, Bubus, Bosa, Pyriis, Mespilus, Prunus), Ace- 
raceae, CaryophyUaceae (Stellaria, Cerastium, Arenaria), Criiciferae, 
Banunculaceae (Aconitum, Banunciilus, Thalictrum). The Orchideae and 
Ferns are very numerous. Other characteristic forms are the 

Genera. — Allium, Paris, Plantago, Veronica, Bhinanthus, Pedicularis, 
Didymocarpeae, Gentiana, Swertia, Campanula, Valeriana, Galium, Oomus, 
Viburnum. 

Most important trees and shrubs. — Pinus Pindrow, P. Webbiana, P* 
excelsa, P. Khutrow, P. Gerardiana, Abies Smithiana, A. Browniana, 
Cedrus Deodara, Cupressus torulosa, Podocarpus latifolia, Juniperus 
squamata, J. excelsa, Quercus spicata and ten other sp., Corylus ferox, 
Betula utilis, B. nitida, B. alnoides, Alnus nepedensis, Salix disperma, S. 
cuspidata, S. japonica, Daphne cannabina, D. Gardneri, D, sericea, 
Elaeagnus arborea, E. conferta, E. umbellata, Hippophae ealicifolia, Fraxi- 
nus noribunda, Ligustrum nepalense, L, bracteolatum, Xylosteum li^s- 
trinum, Caprifolium japonicum, C. macranthum, Cornus oblonga, C. 
capitata, Viburnum foetidum, &c., Andromeda formosa, A. ovalifolia, &c., 
Bhododendron arboreum, B. barbatum, B. Falconeri, and many other sp. ; 
Ilex dipyrena, I. odorata, &c., Bibes Takare, Bosa microphyite, &c.<f 
Bubus rugosus, B. betulinus, &c.. Spiraea canescens, &c.,Neil]ia thyrsiflora, 
M. rubiflora, Mespilus affinis, &c., Prunus undulata, P. cerasoides, Bhus 
juglandifolium, B. fraxinifolium, &c., Bhamniis, sp., Celastrus, sp., Euony- 
mus, sp., Acer acuminatum, A. oblongum, Dobmasa vulg^, Magnolia, 
sp., Berberis asiatica, B. Wallichiana. 

.The western portion of the Himalayas differs considerably fSrom 
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9. Polynesian {or PeimvardCs) Region, 

Mean temperature^ 66°“84° Fahr. (19°~29® C.). Altitude, 0-5000 feet. 

Character . — Resembling that of the Indian region, and included by 
Grisebach in his Indian Monsoon region. The principal distinction con- 
sists in the greater number of Orchidece (especially parasitic species, 
which appear here in many peculiar forms), of Ferns, and species of 
Ficus. A slight approximation to the Australian forms: Melaleuca, 
Metrosideros, Froteocem (HeliophyUum), Among the other character- 
istic forms are the 

Genera, — Licuala, Lodoicea, Rafflesia, Brugmansia, Stemonunis, An- 
tiaris, Myristica, Nomaphila, Hydrophytum, . Philagonia, Esenheckia, 
Echinocarpus, Aromadendron. 

Predominant trees and shrubs . — Primaeval forests, composed especially 
of species of Ficus, Lauracea?, Calameae, and Bignoniacefe, with Licuala 
speciosa, Broussonetia papyrifera, Artocarpus incisa, Antiaris toxicaria 
(Upas), Myristica, sp., Ardisia, sp., Tectona grandis, Strychnos tieute, 
Biospyros, sp., Barringtonia speciosa, B. excelsa, Philagonia procera, 
Cereus, sp., Calophyllum Inophyllum, Eleeocarpus, sp., Eseubeckia altis- 
sima, Echinocarpus Sigiin. 

Cultivated plants . — The same as in the Indian region, with Bread-fruit, 
Cassava, Inocarpus ediilis, Nutmeg, Camphor, Papaw, Cotton (tree, &c.), 
Paper-mulberry, Hemp. 


10, Upper Javan (or Blumds') Region, 

Altitude y 6000-12,000 feet. 

Character , — This region, like the preceding included in Grisebach’s 
Indian Monsoon region, bears a certain resemblance to the Emodic region, 
and ought perhaps to be united with it. Extratropical forms replace the 
tropical. Oak-woods replace the forests of Ficus ; aiid these are succeeded 
by forests of Podocarpus mingled with Temsiioemiaceous ^ trees, above 
which the shrubby Heaths (Tmbaudia) and woody Gnaphaha occur at, a 
cmnparatively low elevation (9000 feet), where the trees cease. 

Genera, — Plantago, Lysimaobia, Veronica, Genliana, Swertia, Vac* 
(^um^ Gaultheria, Vireya, Thibaudia, Beilis, Galium, Saprosma. 
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11. Ocemic (or Chammo^s) 

Mean temperature, 73®-88® Fabr. (23®-29® C.). 

Character . — sparinff and not very peculiar flora. Greater approxi-^ 
mation to the flora of Asia than to tnat of Afnca ; some affinity to the 
Australian (Casuarina, Proteaceae, Myoporum, Epacrideas, Melaleuca, 
Acacias aphyllas). 

Genera. — Schiedea, Antholoma, Aporetica, Crossostylis, Oodia, Timo- 
nius, Kadua, Cyathostegia, Argophyllum, Melodinus, Ascarina. 

Predmninant trees ana shrubs . — Pracaena terminalis, Tacca pinnatifida, 
Pandanus odoratissimus, Cocos nucifera, Corypha umbraculifera, Oupressus 
columnaris, Casuarina equisotifolia, C. nodinora, Ficus, sp., Artocaipus 
incisa, Aleurites triloba, Embothiium strobilinum, Scaevola JKcenigii, Vac- 
cinium cereum, Lobelia arboroa, &e. ; Coffea kaduana, C. Mariniana, 
Kadua Cookiana, &c., llhizophora Mangle, R. gymnorhiza, Terminalia 
Catalpa, Barrinfftouia speciosa, Melaleuca virgata, kc., Osteomeles anthyl- 
lidifoha, Cassia oophora, Mimosa Mangium, Adenanthera scandens, Black- 
burnia pinnata, Calophyllum Inophyllum, Clusia sessilis, C. pedicellate, 
Sapindus Saponaria, Bodonoea spathulata, 1). viacosa, Aporetica pinnata, 
A. ternata, Grewia Mallocooea, Sterculia Balangas, S. foetida, Commersonia 
ecliinata, Tetracera Euryandra. 

Cultivated plants. — Bread-fruit, Taro (Arum esculentum), Arum sa- 
gittifolium, A. microrhizon, Tacca pinnatifida, Convolvulus clirysorhizus, 
Yam (Bioscorea alata), Cocoa-nut, Banana, Inocarpus edulis, Sterculia 
Balangas, Ficus aspera, F. Granatum, Shaddock, Hog-plum (^ondias 
dulcis), Mimusops dissecta, Terminalia glabra, Cratseva religiose, Eugenia 
malaccensis, Bracssna terminalis. Macropiper methysticum, Areca oleracea, 
Paper-mulberry . 

(Seemann’s ‘ Flora Vitiensis ’ may be consulted for a complete list of the 
plants of Fiji, &c.) 


12, Begion of Balsamic trees (Arabian or JForsk^^s Begion'). 

This and the following region are properly grouped in one region 
by Grisebach, the broad climatal and botanical matures being the same 
from the Atlantic to the Indian Ocean, south of the Mediterranean district 
and north of the Central African region. It extends to Arabia, Scinde, 
and the Punjab. Great heat and almost rainless seasons are characteristic. 
The vegetation is peculiar, consisting often of spiny, bulbous, or succul^t 
plants. 

Character . — Tropical in greatest part, Indian forms. 
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Characteristic genera, — Straemia, Maenia, Semea, Oncoba, Caucantbus, 
Gemma; Balsamodendroii; Oadia; Orygia. Some approximation to the 
South-Afiican flora (Stapelia, Heemantbus). 

Predominant trees and shinths. — Pandanus odoratissimus, Ficus Syca- 
morus, F. salicifolia, F. popubfolia, F. Forskilii, F. pabnata, F. serrata, F. 
Sur, ¥, Toka, Avicennia tomentosa, Oynancbum arboreum, Balsamoden- 
dron gileadenso; B. Opobalaamum, B. Kataf, B. Kaful, Celastrus edulis; 
C. parviflora, Grewia nopulifolia, Meerua uniflora, M. racemosa. 

Cultivated plants, — ^Milleta (species of Sorgbum), six-rowed Barley, 
Maize, Arum Colocasia, Date-pdm, Plantain, Cocoa-nut, Tamarind, Fig, 
Papaw, Peacb, Apricot, Plum, Apple, Quince, Vine, Coffee, Sugar, Ginger, 
Radish, Spinach, Gourd, Dolichos, ap., Tree-cotton, Indigo. 

Note, — This region extends to the plains of North-east India (Scinde), 
and should probably include part of Persia and also of the Abyssinian 
region. (Boiasier’s 'Flora Orientalis’ is a most valuable book on the 
flora of these regions. See also Cosson’s memoirs.) 


13. The Desert Region {DelUeh Region), 

Mean temperature, 73°~86® Fahr. (23°-30° C.). 

Character, — This re^on, like the preceding, is subject to the unchecked 
prevalence of trade-winds. It varies in character according to the rocky 
or sandy character of the plains, the presence of oases, &c, A very poor 
flora. No characteristic Orders or genera, but the following species: 
Pennisetum dichotomum, Phoenix dactylifera, Cucifera thebaica. Euphor- 
bia mauritanica, jErua tomentosa, Acacia nilotica, A. arabica, A. gummi- 
fera, A. Senegal, Cassia obovata, C. Singueana, Alhagi mauromm. Mimosa 
Habbus, Ziz^phus Palma Christi, Zygophyllum simplex, Z. album, Fago- 
nia arabica, F. Oudneyi. 

Cultimiion. — Only in the Oases; here principally the Date-Palm. 
Doura (Sorghum vulgare), Wlioat, Barley. South-European and certain 
Indian fruits. 

.»v 14, Region of Tropical Aft'ica (Adanson's Region), 

Mean temperature, 73°-86° Fahr. (23®-30° C.). 

Character, — The Sudan region of Grisebach; is remarkable for the large 
number of peculiar generic types, each often containing hut few species. 
Leguminosas, Rubiaceas, Cyperaceas very prevalent. Comparatively few 
species of Palmacese, Filices, Scitamineas, riperacese, Passifloreae. 

Genera, — Adansonia, Dombeya, Melbania, Christiania, Pentadesma, 
Napoleona, Parkia, Thonningia. 

Predominant trees and shrubs, — Anona senegalensis, &c., Cadaha fari- 
nosa, CratsBva Adansonii, Capparis edulis, Pentadesma hutyracea, Bom- 
bax jjentandrum, B. guineense, Adansonia digitata, Sterculia acuminata, 
Grewia c^inifolia, Acacia, sp., Cassia occidentalis, Pterocarpus esculen- 
tus, Parkia africana, Cbrysobalanus Icaco, Oonocarpus pubescens, Rbizo- 
phora, sp., Psychotria, sp., Bignonia tulipifera, Avicennia africana, Ru- 
pborbia (shrubby species). Ficus, sp., Elais guineensis, E. melanococca, 
Bhapis vinifera, Phoenix iq^oosa, Pandanus candelahrutn. 
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CidtivatedpLanU. — ^Maize, Bice, Millets (Sorglium vukare, saccliaratum, 
Panicum,sp.), Yam (Dioscorea alata, sativa), Cassava, Arum esculentum, 
Plantains, Mango, Papaw, Pine-apple, Oil-palm, Casbew-nut, Figs, Tama- 
rind, Citrus, sp. (Oranges, Limes, Lemons, &c.)> Coffee, Sugar, Ginger, 
Cardamoms, Grains of Paradise, t%c.. Beans of various kinds, and Do- 
lichos pulses. Ground-nut (Arachis), edible Solana, Cotton, Tobacco. 
(For information respecting the flora of this district, see speciaUv Oliver’s 
‘Flora of Tropical Africa/ Peters’s ‘ Mossambique,’ Hooker’s ‘Niger 
Flora,’ various papers of Burchell, Welwitscb, and others.) 

Intermediate in position and in characteristics between the preceding 
region and the South-African or Cape Kegion is Grisebach’s Kalahari 
Regiony a dry stony desert, without oases. Spiny Acacias and bulbous 
plants manage to live, as well as Cucurbits, succulent Vines, and, most 
curious of all, the strange Welwitachia, 


16. Region of Cacti and Piper aceae (Jacqum*8 Region), 

Mexicoy Guianay Sfc. 

AUitudey up to 6000 feet. Mean temperaturcy 68°-84° Fahr, (20°-29° 0.). 

Character. — Bromeliacefe, I’iperacese, Passifloracess, Oactacese, Euphor- 
biaceas, Convolvulaceao, Apocynace^e, Bubiaceae. Tropical Orders loss 
frequent here than in other places within the tropics : Filices, Scitami- 
neas, Orchidacene, Myrtacom, Legurainosm, Terebinthacem, Aurantiacero, 
TUiacece, Malvacein. Extratropical Orders appearing or becoming more 
abundant: Labiatm, Ericaceie, Campanulacea), Compo.utro, Umbelliferao, 
Crassulaceas, BoHucejc, CHryopliyllace89, OuciferoB, lianunculaceoB, 

Charaderiatic genera. — Phytelephas, Kunthia, Galactodendron, Podo- 
pterus, Salpianthus, Kussellia, Lagascea, Gronovia, Inga, Thouinia, Lace- 
pedia, Theobroraa, Guazuma. 

Predominant trees and shj^ubs . — Cyathea spinosa, C. villosa, Meniscium 
arborescens, Agave americana. Yucca ticaulis^ Cocos nucifera, 0. buty- 
racea, Mauritia flexuosa, Martinezia caryotifolia, Oreodoxa montana, 
Kunthia montana, Chamoerops morini, Corypha Miraguama, O. Pumos, 

C. tectoruni, &c., Liquidambar siyraciflua, Cecropia peltata, Galactoden- 
dron utile, lihopala ovata, Avicenuia toinento8a,Ehretiaternifolia,Cordia 
dentata, Cereus, sp., Melocactus, sp., Opuntia, sp., Pereskia, sp., Mammil- 
laxia, sp., Lecythis elliptica, &c., BerthoUetia excelsa, arborescent Mela- 
stomae, Baulnnia splendena, B. suaveolens, &c., Haematoxylon campe- 
chianum, Csesalpinia cassioides, &c., Acacia cornigera, A. fcetida, &c., 
Hymenjea Courbaril, &c., Inga Humboldtiana, I. insigiois, &c., Mimosa, 
sp., Swietenia Mahogani, Bonplandia trifoliata. 

Cultivated plants. — Maize, Doura, Cassava, Yam, Batatas, Plantain, 
Mango, Custard-apples, Guavas, Cocoa-nut, Papaw, Peach, Pine-apple, 
Cashew-nut, Tamarind, species of Citrus, Granadilla, Vine, Cactus-fig, 
Bose-^ple, Cocoa, Vanilla, Coffee, Sugar, Tomatos, Capsicums, Pigeon- 
peas (Gajanus), Ground-nut, Cochineal-cactus, Tobi^co, Cotton. 

Grisebach very properly separates the cissequatorial region of South 
America from the Mexic^ region. The shores, of northern South America, 
as well as the river districts of the Orinoco and Amazon, are covered with 
dense forests, with few Conifers, but many Paltns and olimbi^ plants. 
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The savannahs and llanos are plains or plateaux covered with grass, with 
few trees, and sometimes deserts. 

16. JRegion of the Mexican Highlands {Bonplands Jtegion), 

Altitttde , above 6000 feet. Mean temperature, 67°-79° Fahr. (20®-27® C.). 

Character , — The climate of the Mexican Highlands is very uniform. 
Tropical forms vanishing or decreasing : Tree-ferns, Palmacese, Fiperaceaj, 
Eu^orbiacese, Melastomaceje, PassifloraceBe. Extratropical forms make 
their appearance or become more abundant : Araentacese (Salix, Quercus), 
ConifersB (Pinus, Cupressus), Labiatae (Salvia, Stachys, Marrubium), 
Pedicularis, Anchusa, Myosotis, Polemonium, EricacesB (Vaccinium, Ar- 
butus, Arctostaphylos), Compositse (greatly increasing),Valeriana, Galium, 
Cornus, Oaprifolium, TJmbelliferae, Rosacefe (Amygdalus, Mespilus, 
Rosa, Potentilla), Caryophylleae (Arenaria), Cruciferae (I)raba), Ranun- 
culaceae (Anemone, Ranunculus). 

Characteristic genera, — Mirabilis, Maurandya, Leucophyllum, Holtzia, 
Dahlia, Zinnia, Schkuhria, Ximenesia, Lopezia, Vauqiielinia, Choisya, 
Cheirostomon. 

Predominant trees and shrubs . — ^Forests of Oaks and Conifers. Pinus 
occidentalis, Abies hirtella, Cupressus thurifera, C. sabinoides, Taxodium 
distichum, Quercus (10 sp.), Salix Bonplandiana, S. paradoxa, &c., Arbu- 
tus mollis, A. petiolaris, Arctostaphylos poUfolia, A. pungens, &c., Vac- 
cinium gemimflorum, V. stamineum, v. confertum, Rosa Montezumae, 
Mespilus pubescens, Amygdalus microphylla, Cheirosteraon platanoides. 

Cultivated plants. — Maize, European cereals, Olives and fruits, and es- 
pecially Agave americana. 

Note . — In the uppermost regions of the mountains the flora acquires an 
alpine aspect. Here occur Cyperus toluccensisj Chelone gentianoides, 
Cnicus nivalis, Ageratum arbutifolium, Senecio (many procumbent spe- 
cies), Potentilla ranunculoides, Lupinus elegans, L. montana, Arenaria 
bryoides, 

(For the geographical botany of this and adjacent districts the volume 
preparing by Mr. llemsley for Messrs. Salvin and Godman s ^ Natural 
History of Mexico and Central America ’ will be most important.) 

17. JRegion of Cinchonas {Andes, or Humboldt's JRegion), 

Altitude, 6000-9000 feet. Mean tempa'ature, 69°-68° Fahr. (15o~20° C.) . 

Character . — The tropical Andean region of Grisebach. The Pacific 
slope is very sudden, the coast being nearly rainless and the vegetation 
poor. On the eastern slope of the Cordilleras a long summer rainy season 
IS very favourable to forest vegetation, among whicdi the Cinchona-yield- 
ing trees may be specially mentioned. Extratropical forms make their 
appearance, or become more frequent : Graminaceas, Amentacess (Quer- 
cus, Salix), Labiates (Salvia, Stachys, Scutellaria), Anchusa, Myosotis, 
Swertia, Ericacess, Composites (very numerous), Caprifoliacess (Viburnum, 
Sambucus), Umbelliferes (Ferula, Ligusticum), Rosacees, Oruciferee, 
Ranunculaceas. On the other hand, certain tropical forms vanish or be- 
come rarer, but a few particular species of Palmas, Hperaceae, Cactacese, 
PassifloreaB, and Melastomaceas ascend to a considerable altitude. 
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Genera* — Oervaotesda^ OreocaUis; Laclmostomo^ Ga^uasacM^iai 
Ste^, Fiavdiia; Tagetes, ^^letia^ Cmchona, Guillemima^ Loasa> 
genecli^, Neg^tia, Axuicia^ I’erottetia, Bulongea) Laplacea, Freziera^ 
Abatia» Monnina* 

JPredominant trees and shrubs . — Oreodoxa frigida, Ceroxylon andicola, 
Podocatpus taxifolia, Salix Humboldtiana, Quercus Humboldtiana, Q. 
almaguerensis, Q. tolimensis, Ficua velutin^ Rhopala cordif olia, Oreo- 
callis grandiflora^ Persea laevigata, P. Mutisiij P. sericea, Ocotea mollis, 
O. sericea, Vaccinium caracasaniim, Andromeda bracamorensis, Belaria 
fflauca, B, ledifoH^ Cinchona Condaminea, 0. cordtfolia, C. ob^pngifolia, 
u. lancifolia, &c., Weinniannia elliptica, W. Balbisiana, &c., Osteomeles 
glabrata, Rubus floribundus, Ilex bumelioides, I. myricoides, Clu^ el- 
hptica. 

Cultivated plants . — The tropical cultivated plants mentioned under 16 
almost entirely disappear ; Maize and OoiFee, however, are cultivated in 
this region ; after these come the European cereals, and fruits. Potatoes, 
and Chenopodium Quinoa. (Humboldt’s publications afford the best 
general view of the vegetation of this district.) 

18. JRegion of EscaHonia and Cal<}eolart(B (Ituk and Paeon's Region). 
Altitude, 9000-1 8,000 feet. Mean temperature, 60^-34° Fahr. (16®-P 0.). 

Character . — This is nearly the same as the Chilian transition region of 
Grisebach, intermediate between the Antarctic region to the south and 
the Andean region to the north j eastward are the Pampas. The general 
climate is like that of the Mediterranean, but with longer periods of 
drought. The tropical forms have disappeared almost entirely, but the 
following genera still occur : — Tillandsia, Oncidium, Peperomia, Rhexia, 
Passiflora. The forms which characterize the colder tomwrate and the 
polar zones become more common: Lichens, Musci, C/arex, Luzula, 
Alnus, Rumex, Plantago, Gentiana, Swertia, Vaccinium, Campanula, Ca- 
caUa, Senecio, IJmbelliferm, Valeriana, Saxifraga, llibes, Rubus, Alche- 
milla, Caryophyllacem (Sagina, Arenaria, Cerastium,Stellaria),Crucifer 00 
(Draba, Arabis). 

Predominant Orders. — Compositm, Graminaceas, Ericaceae. No large 
trees. 

Characteristic genera. — ^Desyeuxia, Tigridia, Gardo^uia, Calceolaria, 
Thibaudia, Lysipoma, Bamadesia, Homanthis, Chuquiruga, CuldUum, 
Wemera, Bumenllia, Escallonia, Peetophytum, Klaprothiiu Pol;^lepis. 

Predominant shrubs . — Alnus ferru^ea, A. acuminata, Vaccinium acu- 
minatum, V. empeWolium, V. floribundum, &c., Thibaudia rupeatris, T. 
floribunda, T. lon^folia, T. strobilifera, Befaria graudidora, B. coarctata^ 
Ribes frigidum, Escallonia myrtilloides, E. tortuosa, E. berberi^olia> 
Ilex scopmarum, Drymis granatensis. 

(Gay's ^ Flora of Chili, ^ and Miers and Weddell’s publications on the 
flora of Chili, Bolivia, &c., may be consulted for further details.) 

19. West-Indian (pr l^arisi^s) 

Mem temperature, Fahr. (16®*-28^ C,)* 

Tropical heat with two rainy ke^ns am ^vourable 
to the growth of plants, but the original chara^r of , the flora has ' 
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much altered by oultiTation, The flora of this group of islands appoaches 
that of the adjacent continent, but is distinguished especially (£ke the 
Polynesian from the Indian flora) by the great quantity <rf Pllices and 
Orchidacess. In addition to these Orders, we find among the characteristic 
forma the following : — 

Omera, — Thrinax, Epistylium, Alchomea, Tanaecium, Tetranthus, 
Catesbiea, Belonia, Portlandia, Picramnia, Legnods, lathophila, Valen- 
tinia, Hyplate, 

The following are deserving of mention among the predominant trees 
and shrubs : — Cocos nucifera, Pinus occidentalis, Laurus, sp., Melastoma, 
sp., Myrtus, sp., Sterculia, sp., Uvaria, sp. 

Cultwat^ plants the same as in Id. 

(Grisebach^s ' Flora of the West Indies ’ is the best general guide to 
the flora of these islands.) 

20. Region of Palms and Melagtomee {Brazilian of Martins's Region), 

Mean temperature, 59°-84® Fahr. (16®-29° 0.). 

Character. — The Amazon district is perhaps best placed with the cis- 
sequatorial. The central Brazilian region consists of a mountain range 
to the east, near the coast, and in the interior high tableland. In the 
dry season vegetation is dormant, but extraordinarily varied and vigorous 
in the rainy season. Probably it is that portion of the globe in which 
the Vegetable Kingdom presents the greatest profusion and variety. 
Abundance of genera and species, majgnitude of individuals,Jmpenetral)le 
(primaeval) forests, numerous climbing and parasitical plants. Among 
the characteristic, although not peculiar Orders may be named Palmaceee, 
Heemodoracese, Qesneraceae, Melastomaceee, and Sapindaceae j the Vochy- 
siaceae are peculiar. The peculiar genera are too numerous to be men- 
tioned here ; among those richest in species are the 

Genera. — Vellosia, Barbacenia, Manihot, Franciscea, Ditassa, Lycno- 
phora, Diplusodon, Kielmeyra, Sauvagesia, Lavradia. 

CharacteHstic genera aim species, according to the different modes of 
occurrence. — In the primaeval forests: Palms of various genera. Ficus, 
Cecropi^ Anda, Kliopala, Myristica, Bignonia, Theophrasta., Stifl^tia, 
()xyanthtiB,Coutarea, Psychotria, Berliera, Feuillea, Canca, Myrtus, Gus- 
tavia, Lecythis, Bertholletia, Melastoma, Hymensea, Dimorpha, Tratti- 
iiiclria, Pilocarpus, Tricbilia, Cedrela, Cupania, Banisteria, Hipnocratea, 
Caryocar, Maregravia, Clusia, Calophyllum, Sloanea, Gotbea, Lenretonia, 
Abroma, Oarolinea, Bixa, Uvaria. 

In the Catingas (or open woods, where the trees lose their leaves in the 
dry season) : Jatropha, sn.. Acacia, sp., Mimosa, sp., Cmsalpinia pnbescens, 
&c., Spondias tuherosa^hryallis brasiliensi8,Chonsia ventricosa, Bombax, 
sp., Eriodendron, sp., Pourretia ventricosa, Capparis lineata, &c., Anona 
oetusifolia, &c. 

in the Campos (open treeless plains): Panicese, Amaryllis, Alstrce- 
meria, Vellosia, Barbacenia, Burmannia, Steli6,Onemidostachys, Rhopfda, 
Laurus, Ocotea, Gomphrena, Lantana, Ilcbites, Hancomia speciosa, Ges- 
nera, Lycnophora, llaccbaris, Vernonia, Hikania, Stevia, Melastoma, 
Ithexia, Terminal fagifolia, Gaudichaudia, Sauva^da, Lavradia, Pleet- 
anthera* 
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On tlie sea-coasts: Cocos 8cluzo]fhylla, IHplotliemium maritimum, 
Eriocaulon, sp., Xyris, sp.i ATicenma tomentosa^ Bhizophora Mangle^ 
Oonocarpus erectua, racemosa, Bacida Buceras. 

CvMimted about as in 15. 

(The most detailed works on the flora of this region are the splendid 
works of Von Martius, continued by Eichler and other botanists.) 


21. Megim of shrvhhy Composite^ (Extratropical S,-‘Amencan, or 
8t, l£ilaMB Eegion), 

Mean temperature^ 59°-t74° Fabr. (16®-28® 0.). 

Character, — The tropical forms decrease or 'vanish ; extratropical, espe- 
cially European, forms take their place. BanunculacesB, Cruciferae, Heli- 
anthemum, Caiyophyllaceae, Latnyrus, Galium, Teucrium, Plantago, 
Carex j a few South- African forms, Polygala, Oxalis, Gnaphalium. This 
region has more than half its genera in common with Europe. Numerous 
Compositas ; many among these shrubby. 

Genera, — ^Larrea, Iloitia, Diesis, Boopis, Acicarpha, Cortesia, Petunia, 
Jaborosa, Tricycla, Caperonia, Binennula. The ve^tation of the Pampas 
here takes its character from the long periods of drought, no rainy seasons 
occurring, and only occasional thunder-storms. Arborescent vegetation is 
scanty or entirely absent. Spiny shrubs and sdt plants are found in the 
interior. Onopordon Acanthtum has in some districts overrun the whole 
country, displacing the few native plants. 

Cultivated plants. — Mostly the European : Wheat, Vine. The Peach is 
veiy widely spread. 

22. The Antarctic Megion {D''UrviUd8 JRegion), 

Mean temperature^ 41®-48® Fahr. (5°-0“ C.), 

Character, — Climate of northern portion mild, equable, damp. Great 
resemblance to the North-European flora (Bcgion 2). The tropical forms 
have entirely vanished. Forests prevail in the south ; Fagus antarctica 
and an evergreen species are abundant. In the extreme south Saxifrages, 
Kanunculi, &c. prevail. 

Predominant Orders, — Compositee, Graminacese, Caricese, Musci, Li- 
chenes. The following are also common: Banunculacess, Cruciferfe, 
Caryophyllacese, Bosacese, UmbellifersB. Two thirds of the genera in 
common with Europe. A slight approximation to South Amca {Gla- 
diolus, Witsena, Galaxia, Crassulaj and to Australia (Embothnum, 
Ourisia, Stylidi®, Mniarum). 

Characteristic genera, — Gaimardia, Astelia, Callixene, Philesia, Dra- 
petes, B®a, Calceolaria, Pemettya, Oligosporus, Nassavia, Bolax, Azorella, 
Bonatia, Ac®na,‘Hamadryas. 

Predondnant trees and shrubs. — ^Fagus antarctica, Salix magellanica, 
Embothrium coccineum, Pemettya empetrifolia, P. mucrpnata, Andro- 
meda myrsinites, Bacchans tridentata, Chiliotri(ihum amelloides, Bibes 
magellanicimi, E^allonia serrata, Fuchsia coccinea, Myrtus nummularia, 
Bemeris ilicifolia, B. inermis, B. mic]^hylla, B. empetrifolia, Diimys 
Win^. No cultivation. (Hooker’s * Flora Antarctica ’ is the best flora 
of this region.) 
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5 ®. of B^pdia €mi Mesemhrpa^hem (B.^Afnmi or 

Hwmherg^B Megim). 

Mem temperature f 64®-78° FaJir. (12°-2S® 0.), 

Oharaeter. — succession of mountain ranges and intervening plateaux 
separate the ooast region from the elevated plains in the interior, The 
coast region has a flora very rich in forms, flowers abundant and beautiful, 
but the trees or shrubs not luxuriant; no large dense forests, or abund- 
ance of climbing plants, &c. ; many succulent plants. 

Characteristic Orders. — Eestiacese, Iridaceae, Proteaceee, Ericacese, Fi- 
coidete, Bruniacese, Diosmeae, Geraniacese, Oxalidese, Polygalaceae, 

Gefiera, — Eestio, Ixia, Gladiolus, Morsea, Watsonia, Hsemanthus, Stru- 
maria, Agapanthus, Eucomis, Massonia, Strelitzia, Passerina, Gnidia, 
Protea, iXiicadendron, Leucospermum, Semiraiia (and many other Pro- 
teacese), Stilbe, Selago, Stapelia, Erica, Gnaphalium, IIelichrysum,Stob8Ba, 
Pteronia, Osteospermum, Tarchonanthus, Relhania, Gorteria, Arctotis, 
Othonna, Stoebe, (Edera, Anthospermum, Mesembryanthemum, Vahlia, 
Liparia, Borbonia, Lebeclria, Raffiiia, Aspalatlms, Stavia, Brunia, Phylica, 
Diosma, Pelargonium, Oxalis, Sparmannia, Muraltia, Polygala, Pensea. 

Predominant foj'ms. — On the sandy districts of the coasts : Stapelia, 
Iridacese, Mesembryanthemum, Eestio, Diosma. On the mountains: 
Proteaceae, Erica, Crassula, &c. On the dry plateaux : Acacia capensis, 
A. Giraffe, A. detinens. A, viridiramis, Euphorbia mauritanica, E. tenax, 
Poa spinosa, Mesembryanthemum, sp., Aloe, Iridaceee, Erica, Diosmeae, 
Restio. 

Other remarkable species, — ^Hsemanthus coccineus, Amaryllis toxicaria, 
Testudinaria montane, T. elephantipes, Podocarpus elongatus, Salix 
gariepina, Protea mellifera, P. grandiflora, Leucadendron argenteum, 
Laurus buUata, Lycium tetandrum, Olea similis, 'Rhizogum trichotomum, 
Tarchonanthus camphoratus, Stoebe rhinocerotis, Crassula coccinea, 
Portulacaria afra, Mesembryanthemum edule, M. tnrbiniforme, Metro- 
sideros angustifolia, Acacia elephantina, Zizyphus bubalinap, Calodendron 
capense. 

Cultivated plants, — ^The European cereals, fruits, and esculent vege- 
tables ; also Sorghum cafirorum, Batatas, Plantains, Tamarind, Guava, 
ShaddocH. 

The Kalahari region of Grisebach, which intervenes between this region 
and the Sudan, is alluded to at p. 687. (The works of Harvey and Sender 
afford the best general insight into the nature of this flora.) 


24. Megion of the Eucalypti and Epacrides {Australian^ or 
R. Brown's Begim.) 

Mean temperature^ 63®-73° Fahr. (12®~23° C.). 

Character, — ^The Australian flora, as a whole, Is tropical in the north, 
where it approximates to the Indian monsoon and Oceanic types, in the 
centre is a dry desert region, while south the climate is like that of the 
Mediterranean. The vegetation necessarily presents great differences 
accoroing to the variations in climate. In Tasmania the rainfall is more 
eveply difitributed throughout the year. The Australian is one of the 
richest and most peculiar floras, but without any considerable profusion 





of vegetation. The plants cf Swan ]^ver present inueh in common^ so Stf 
as geneiic types are concerned, with those of the Cape. 

The ehoraf^emtie Orders and ffen&'a are: — ^Xerotes, Xanthorrhcea, 
Pterost^lis, Casoariuse, Leptomeria, l^elea, Proteaceas (Banksia, Hakea, 
Persoonia, Orevillea, PetropMl^ Isop 0 gon,I^vaEdra), Myoporinese, Wast- 

S , Logania, Mitrasacme, fipaoridaceee {Epacris, Leucopogon, Sty- 
), StackhousiesB, ScsBVoleas, Goodenoviese, Stylidiae^ Eucalyptus, 
Melaleuca, Leptospermum, Acacise ^hjllse, Platjlobium, i^ssiaea, iJios- 
mesB (Boronia, Zieria), PittosjioresB, Tremandreffi, Pleurandra, ^hbertia. 

Predominant trees and shrubs , — Three fourths of the forests are com- 
posed of species of Eucalyptus, the number of which amount to more than 
a hundred ; some are very lofty. Next to these come Proteaceas, Epa- 
crideae, Biosmese, Oasuarinae, and Acaciae ap^Uae, forming woods and 
bush.” Also Ooniferae, Araucaria excelsa, A. Bidwilli, A. Ounninghamii, 
A. Oookii, Bacrydium Franklinii, Podocarpus spinulosa. 

Cultivated plants , — In the European colonies the cereals, fruits, and 
vegetables of Europe. (For further information consult the works of 
Ilobert Brown, Baron von Muller, and specially Bentham’s ^ Flora Austra- 
liensis.’) 


26. New-Zealand Region (Foster^s Region), 

Temperate climate. 

Character . — The flora is more nearly related to that of South Chili 
than to that of Australia. Evergreen foiesta, lofty Conifers, and Tree 
Ferns, Cordylines, &c. abound. Tropical forms vanish, or appear but 
sparingly. Half the genera European. Approximation to Australia 
(Pimelea, Myoporum, Epacris, Styphelia, Cassiuia, Melaleuca) ; to South 
Africa (Gnapnalium, Xeranthemum, Tetragonia, Mesembryanthemum, 
Oxalis, liestio) ; to the Antarctic region (Mniarum, Fuchsia, Actena, 
Brimys). Many Ferns. 

Genera. — Phormium, Pennantia, Knightia, Forstera, Qriselinia, Meli- 
cope, Bicera, Plagianthus, Melicytus. 

Characteristic species , — Cyathea medullaris, Gleichenia furcata, Bra- 
ctena indivisa, B. ausjralis, Phormium tenax, Areca sapida, Bacrydiuni 
taxifolium, Bammara australis, Podocarpus Totarra, Knightia excelsa, 
Avicennia resiiiifera, Andromeda rupestris, Epacris juniperina, Wein- 
mannia racemosa, Tetragonia expanse. Fuchsia excorticate, Melaleuca, sp., 
Bicera dentata, &c* 

Cultivated plants , — Arum esculentum, Convolvulus chrysorhizus, Phor- 
TTiiiim tenax, &c. In the European colonies the cereals, fruits, and escu- 
lents of Central Europe. (Hooker’s Mora and Handbook to the Flora 
of New Zealand constitute the best general works on the' Mora of New 
Zealand.) 


Insular Floras. 

The flora of islands remote from any continent id of peculiar 
interest where it has not been interfered with by cultivation ot 
other destructive agency. The questions to be solved are : — How 
did the plants now existing on these islands get there? Were 
they created in situ, or were they import^ ? If sp, How, when, 
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and whence? Speaking generally, insular floras comprise some 
species which are absolutely peculiar or endemic; some which 
are so closely allied to continental forms, that it may readily 
be conceived that they came from a common stock at a compara- 
tively recent period ; and, thirdly, species identical with those of 
some continent, and that not necessarily the nearest to them, often 
indeed, not so ; hence the probability that these islets received their 
vegetation from these distant continents at a geological epoch very 
remote from the present. Unfortunately cultivation, the destruction 
of forests, the ravages of goats, rats, and other destructive animals, 
have in most cases materially altered the character of the flora. 
The aboriginal flora of St. Helena, for instance, is all but entirely 
destroyed, and its place supplied by introduced vegetation, or by 
species in no way peculiar to the island. When near a continent, 
and divided from it by a shallow sea, the floras of island and con- 
tinent are, in a broad sense, identical, as those of England and 
^Northern Germany ; but where, as in the case of Madagascar, an 
island is large and separated by a deep channel several hundreds 
of miles wide, the flora is different. Some islands are of volcanic 
origin, like Madeira, the Azores, and the Canaries ; and the anti- 
quity of their flora can be studied with reference to their geological 
history. 


Tlie Atlantic Islands, 

The general character of the flora is distinct, with an intermixture of 
Mediterranean elements, and of species from the African mainland. Lyell 
considers that these islands had never any connexion with the mainland, 
but that they originated as volcanoes in Miocene times, and were peoried 
by waifs and strays from Europe and Northern Africa in that period. The 
presence of such North-American types as Fersea and Cktkra is explained 
the fact that in Miocene times, when the Atlantic volcanoes first reared 
their cres^ above the waves, Europe was covered with a very rich vegeta- 
tion, containing many genera now peculiar to America (Hooker), so that 
the genera in question in Madeira may be looked on as survivals ” from 
the Miocene period. Monizia eduUsy a native of one of the Desertas, 
belongs to a genus which has no representative elsewhere in the world. 
This, too, like Companula Vidaliiy which only exists on one rock off the 
coast of Tlores, may be regarded as a “ survival.” Hooker (Lecture on 
Lisular Floras, ^Gardeners’ Chronicle,’ 1867) considers that Volcanic 
Islands received their flora by means of immigrants from various con- 
tinents, and does not favour the view that these distant islets ever formed 
parts of existing continents. The same author points out, in general terms, 
that islands, owing to the similari^ of physical circumstances, are peopled 
with similar idants, and that their vegetation is consequently similar, as 
In ihe abundsmce of Mosses and Ferns and of evergreen trees. Animals, 
on the other hand, are rare. Species are few in proportion to genera, 
genera to Orders, hence the remarkable difference in the flora. The 
motmtain% mofeover, have relatively few alpine plants. 
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The Oape-Verde Islands have a flora which is quite of the Saharan 
tfpe. St. Helena had a large number of trees of peculiar character show- 
ing an African type. 

The Maecarene Islands, 

Madagascar, Mauritius, Bombon, and the Seychelles are tropical islands 
of volcanic or metamorpWc origin. Half the species, according to Baker 
(whose ^ Flora of Mauritius ’ is the most recent enumeration), are peculiar 
to one or other island, or common to the whole Archipelago, while 6 per 
cent, are African, 8 Asiatic, 14 common to Asia ana Africa, and 21 per 
cent, common to the Old and New Worlds. The most abundantly repre- 
sented Orders are Ferns, Orcliids, Grasses, Sedges, Rubiaceee, Euphor- 
biaceee, Compositfle, and Leguminosse. The total proportion of species to 
a genus is 2-3, and of species to an order between 0 and 10. No leas 
than 269 species, according to Mr. Baker, have been introduced, and have 
established themselves in Mauritius, while the native flora has been to a 
large extent exterminated by cultivation, &c. 

Pacific Islands, ^c. 

The floras of the Indian Archipelago, of the Sandwich and Fiji Islands, 
are closely related to the Indo-Malay type of vegetation, as already men- 
tioned, and form a transition between it and that of Northern Australia. 
New Caledonia and Lord Howes Island belong to the Australian ^pe as 
regards their flora, with some peculiar forms. The flora of Norfolk Island, 
broadly speaking, is allied to the New-Zealand flora, with admixture of 
Australian and Indo-Malayan types. 

The Auckland and Campbell Islands have the general features of New- 
Zealand vegetation. Chrysohaciron Rossii, a noble yellow-flowered Aspho- 
del, is one of the characteristic plants. 

Antarctic Islands, 

Under this head brief mention may be made of Juan Fernandez, the 
flora of which is mainly South Chilian, with marked preponderance of 
Composites and many peculiar types. 

Kerguelen’s Island has a flora allied to that of Fuegia. The Kerguelen 
Cabbage, Ptinglea antisc^hutica, is characteristic, and, accorduag to 
Bennett, difters from most European Crucifers in being wind-fertinzed, 
an interesting fact to be correlated with the large proportionate numbers 
of win^ess insects. The flora of Marion Island is of similar character. 

The Falkland Islands are of similar general character to Kerguelen’s 
Land, and are remarkable for being covered with dense tufts of Tussac 
grass, DactyHs cse^tosa, and with hummocks or cushion-shaped masses of 
an Umbellifer, B(mx glebaria, 

Oockbum’s Island, lat. 64° 12' S. lat., due south of Cape Horn, yields 
little or no vegetation beyond Mosses and lichens of cosmopolitan 
diffusion. 

SouthrAtUmtic Islands, 

The floras of St. Heleim and Ascension have been already aliuded to. 
It remains to make brief reference to the floras d Amsterdam Iiflandt 
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St. Paul’s, and Tristan d’Acunha. Very little is known of the vegetation 
of these islets ; but a species of PhyUca is supposed to form the forest of 
the first-mentioned island, and to "connect botanically the islands of St. 
Helena, Tristan d’Acunha, and Amsterdam one with another and with 
the African continent, species of PhyUca being found in each, and most 
abundantly in South Africa. Smrtina arwidinaceay a grass, is common to 
the islands of Amsterdam, St. Paul’s, and Tristan d’Acunha. Chenopcn 
dium tomentosum, Nertera depresaay JDactylis cesepitosay and Aeecna indi- 
cate^ a connexion with the Fuegian and Antarctic floras, and through a 
species of Pelargonium with the South-African. 

Sect. 4. Statistics or Vegetatiok. 

Humber of Species. — ^Various* authors have made computations 
from existing data, with a view to ascertain the total number of 
existing species of Phanerogams; but as the opinions of authors as 
to what limits a species are so extremely varied, it seems useless to 
occupy space with such speculative matter. The computations 
range from 100,000 to 300,000 species and upwards. It is some- 
what more easy to lay down some general statistical facts regard- 
ing the distribution, and particularly in reference to the relative 
proportions of the more important Classes and Orders, in different 
regions of the globe* 

Relative Proportion of the larger Groups. — Materials are insufficient to 
enable us to calculate tlie relative distribution of Cryptogams and Pha- 
nerogams in different regions. The former appear to bear a higher pro- 
portion to the latter as we recede from the equator to the poles ; but this 
may depend upon our better acquaintance with the Cryptogamic Floras 
of the northern temperate regions than with the Cryptogams of the 
warmer climates. 

As regards the relative abundance of Monocotyledons and Dicotyledons 
in different latitudes, it is generally agreed that the proportion of Mono- 
cotyledoiai to Dicotyledons increases from the equator towards the poles — 
a retrogression of the proportional number taking place, however, in the 
icy regions of the poles and on the alpine summits. Asa rule also, closely 
connected with the above statements. Monocotyledons are more pre- 
dominant in proportion to the greater moisture of a climate. 

Probably no Orders, except the Leguminosse and the Compositse, con- 
tain a number of sj^ecies amounting to 6 per cent, of the total number of 
Phanerogamic species. Thus the existence of species of one Order in any 
region exc^ding in number 6 per cent, of all species found there, indicates 
a predominance of that Order. If such predominance occur only in one 
region, the Order becomes characteristic of that region ; if such predomi- 
nance of the same Order occur in many regions, it indicates wide diWmim 
of that Order. 

In a ve^ long list of Floras, from all parts of the globe, compared by 
Alph. Be Candolle, it was found that only S$ Orders of Phanerogamia 
more than 5 per cent, in any one or i^veral regions. 
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T|i 6 orders whicli presented in one or but a few floras from 10 to 19 
per cent, of the Phanerogamic species were : — 


CaiTophyllaceee . . Spitsbergen (14 J per cent.). 

Crnciierse SpitzWgen (10) and Mel^e Island (13J). 

Leguminosee .... .^^ost intertropical and subtropical regions. 

Rubiaceae Sierra Leone (10). 

Proteacese Australia (lit)* 

Melastomaceae . . West coast of tropical America (11 J), Brazil (?). 
Saxifragaceae . . . . Spitsbergen. (1 4 J), Melville Island (15). 

Solanaceae Ascension (13) (naturalized). 

Myrtacese Brazil (f). 

Cyperacete Lapland (13), Iceland (11), Brocken (12), 

rtchidaceae New Guinea (10^), Java (10), Mamitius (11 J), 

S. Mexico (10). 


Of Orders ordinarily exceeding 10 per cent, of a flora, — 

Graminacese constituted 18 per cent, in Spitsbergen ; 21 in Melville 
Island ; 27 in Kerguelen’s Land. Oorapositss, 18 J per cent in California 
and Mexico ; 19 in the Malouines ; 21 in Chili j 22 at Quito ; 25 in the 
S. of Buenos Ayres ; 27 in Juan Fernandez. 

Orders with more than 30 per cent, occurred in exceptional localities, 
viz. CompositfiB (331) ^ elevated parts of Chili, and Cyperace® (331) 
at Tristan d’Acunha. 

Certain Orders predominate in particular latitudes, without 
being in their nature characteristic of those latitudes. 

Tropical Floras. — Thus, while in ^ome regions of the tropical zone the 
Palms, Zingiberace®, Marantaceje, Melastomace®, Malpighiace®, &c,, are 
really characteristic, the predominant species of the tropical floras are not 
memhers of such Orders as Laurace®, Menispermace®, Anonace®, Bom- 
hace®, which have their maximum in hot climates, but belong to the 
Legurainos®, Graminace®, and Composit®, which exceed 10 per cent, 
generally in the tropics : the Orchidace® and tVperace® follow next, then 
Euphorbiace®, Urticace®, Melastomace®, and Scrophulariace® j of which, 
Melastomace® alone belong exclusively to hot regions. 

Other Orders occurring in many tropical floras, but forming less than 
5 per cent, of the species, are : — 

Convolvulace®, Malvace®, Piperace®, Zingiberace®, and Marantace®, 
Solanace®, and less commonly Acanthace®, Amentace®, AjKicynace®, 
Bignoniace®, Boragiuace®, Capparidace®, Cucurbitace®, Gentianace®, 
LfiSbiat®, Laurace®, Loranthace®, Malpighiace®, Myrtace®, Umhehifer®, 
Palmace®, Pasafiorace®, Rosace®, Rutace®, Anacardiace®, and Ver- 
benace®. 

The Ferns are likewise exceedingly predominant in species in the 
islands of the tropics^ (16, 21, 26 per cent.). 

Temperate Florae. — ^In northern temperate latitudes (flrom the tropic 
to 60^ N. lat.), again, Composit®, Graminace®, Oyperace®, and Legumi- 
nose® predominate in species — ^the Cyperace® increasing northward, the 
Legummos® rapidly decreasing (Granada 8 per cent., Torkshire 4J per 
cent.). Next follow Crucifer®, IJmbellifer®, and Oarypphyllaoe® ; then 
Labiat®, Rosace®, and Scrophulariace®. No other Orders exceed 5 
per cept. of the spedee, and omy attain this in exoepjtional localities. 
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In4^e nortifaem zone beyond 60° N. lat., the species predominating 
northwards are GraminacesB, CrudfersB, Saxifragaceae, Caryophyllacese, 
Kanunculacese, Rosacese, Oj^eraceas (6-7 per cent). Oompositse form 
7 pdr cent, in Melville Island, but only 4-5 per cent, in Spitzbeigen. 
Amentiferss (Betiilacese, Salicaceae, &c.) and Juncace® barely reacn 6 
per cent. ; Polygonace®, Ericace®, and Scropbulariace® approach this 
number, but are mostly below it. 

In the south temperate zone we find two classes of regions, one dry, the 
other with a damp climate. The former comprehends the Cape of Good 
Hope, Australia, Chili, and La Plata. Oomposit® predominate at the 
Cape and in America, but in Australia fall to 7 per cent. Leguminos®, 
on the contrary, make but 7 to 12 per cent, in America and at the Cape, 
but 14 per cent, in Australia. The Grasses are not more than 3 to 6 per 
cent, anywhere, and the Cyperace® still fewer. 

The Cape and Australia have, however, certain especially abundant 
Orders j thus Proteace® form 2 to 6 per cent, at the Cape, 8-12 per cent, 
in Australia ; Myrtace® 9 per cent, and Epacridace® 4-5 per cent, in 
Australia; Iridace® 4-6 per cent., Liliace® 4-6 per cent., and Ericace® 
2-6 per cent, at the Cape j Stylidiace® and Goodeniace® are especially 
Australian. 

In the moist regions, comprising parts of the African coast, Tasmania, 
New Zealand, Island of Chiloe, &c., the Grasses and Composit® increase in 
departing from the tropics ; Cyperace® rise to 4-8 per cent. ; Orchidace®, 
4^-8^ per cent. ; and Ferns are very numerous in the islands. Restiace® 
increase in Tasmania, but Proteace®, Leguminose®, with Stylidiace®, 
Goodeniace®, &c. decrease. The proportions in the Southern extremity 
of America approach those of the temperate and moist regions of the 
northern hemisphere. 

As a general statement, it m^ be said that of the three most fre- 
q^uently predominating Orders, Leguminos® are diminished in propor- 
tion to temperature, the Composit® are lessened by combined cold and 
humidity, and the Graminace® are least predominant where the climate 
is dry. 

It must be borne in mind that the above calculations are approximate 
only, and apply to species, or genera, or orders, , and by no means repre- 
sent the dmiibution of hidividual plants. 


CHAPTER III. 

BOTANICAL GEOLOGY. 

Sect. 1. NATirEB and Impoetaijce of Fossiii Plajtts, 

Remains and traces of plants are met with in most of the strati- 
fied rocks which have been produced by successive geological 
changes of the earth’s surface. These remains afford an indica- 
tion, more or less perfect in different cases, of the nature ^ the 
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vegetation which has existed in earKer periods of the world’s his- 
tory. Vegetable remains found imbeddfed in geojogii^ formations 
are called and the condition in which these fossils 
occur are exceedingly varied, both as to the nature of the substance 
preserving the vegetable forms, and the degree of perfection of the 
forms preserved. 

The principal kinds of fossils may be classed as follows : — 1. Petrified 
]fiant8yiii which the structures of plants have been more or less completely 
impregnated with mineral matter, hardening them into a stony mass. 
They present various modifications, in which more or less of the organic 
matter remains, completely impregnated with mineral substances, or 
where the mineralization is so complete that the organic substance has 
totalfy disappeared. The mineral substance of such fossils is difierent 
in different cases. Silicified remains are the most common ; fossils im- 
pregnated with carbonate or sulphate of lime abound in other strata, 
while fossils of dense or earthy ironstone, argillaceous ironstone, and, 
lastly, iron-pyrites are frequent in particular rocks ; impregnations with 
rock-salt, oxide of copper, alumina, &c. are rarer. 

2. Coaly where the vegetable substance is more or less completely con- 
verted into a solid, black, combustible carbonaceous substance, of stone- 
like aspect. This occurs in almost every possible modification, in masses 
or in the form of isolated plants or organs of plants, from the solid stony 
anthracite to the hroum coal or lignite y which preserves the organic texture 
and is recognizable at first sight as vegetable matter, Coal-beds are 
formed through the accumulation of vast masses of vegetation, and their 
conversion through pressm'e and chemical changes into solid masses ; but 
leaves, stems, or parts of stems, such as layers of hark, fruits, &c,, con- 
verted into coal, are found isolated in strata of various composition. 
With these last are intimately connected the mmierous fossils which are 
true petiifactions, but have the organic matter preserved in the mineral 
substance in the condition of coal, giving a coal-like aspect to the fossil, 

3. Impresdom or natural casts oi plants or organs of plants, which have 
been formed by the vegetable objects being incrusted by, or imbedded in, 
mineral substoce and decaying subsequently to the solidification of the 
enclosing substance ; the cavity left By the decayed vegetable may be 
tilled up by the same or a different mineml substance ; and casts of the 
internal parts of stems &c. are met with, from the penetration of the 
mineral matter into cavities formed by the quicker decay of succulent 
structures, such as pith. 

4. Objects contained in Awher, the fossil resin of a Pine, which has 
accidentally enclosed various vegetable and animal bodies which It flowed 
over while liquid. The objects are sometimes thoroughly impregnated 
with amber, hke microscopic objects enclosed in Canada balsam, these 
having been enclosed in a dead or dry condition ; in other cases, where 
fresh organs have been enclosed, hollow casts only are fi^und, the enclosed 
matter having been more or less decomposed. 

The study of vegetable fossils is far less satisfactory than that of imimal 
remiuns, since, in the great majority of cases, the stnictures most dis- 
tinctive of the subordinate groups of plants sure formed of very petishable 
matter. Genera^ and even species, of animals maybe recognized by bones' 
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md inre of e vei7i»2*fflstei3t nature, and are found ad^dndantly 

in straafi^ ^The preservation of fossils cm only have Occurred 

tlurougii ^e agencj of water, impregnated with mineralizing matter, or 
loaded wit^ mud which enclosed the remains : the vegetable bodies which 
can resist the long-continued action of water are few ; and these mostly 
afford only characters of large sections of the vegetable kingdom, without 
furnishing generic, far less specific distinctions. Added to the fragmentary 
character of the fossils known, those kinds hitherto found possibly only 
represent partially prevailing forms of vegetation. 

Attempts, however, have been made, by combining the conclusions of 
stratigramical geology and animal palaeontology with those of vegetable 
palaeontology, to form conceptions of the character of the vegetation of 
succeeding geological periods. The ideas obtained in this way, however, 
are very superficial and exceedingly speculative. Still there is much that 
is promising in the investigations ; and the general tendency of all the 
facts hitherto collected is to indicate that there has been a gradually 
increasing complexity of organization in the plants successively created, 
that the plants of the earliest epochs belong to the lower Classes, and that 
the higher Phanerogams appeared only in the later formations — in the last 
of these probably in smaller proportion than in existing vegetation. In 
the earliest formations (Cambrian, Silurian, &c.) the few vegetable 
remains are those of Algse, Fucoids, &c. In the Devonian and Carboni- 
ferous periods vascular Ciyptogams, Ferns, Lycopods, Equiseta prevailed. 
In the Triaesic and Oolitic periods Gymnospermous plants formed a 
marked feature, such as Conifers, Cycads, &c., with Tree-ferns and traces 
of Monocotyledonous plants. With the Cretaceous period appear Angio- 
Spermous plants, beginning with a preponderance of Incompletae, and 
passing through Dialypetalae to the more receut formations, where 
Gamopetaloua plants prevail. But in all cases, though there is evidence 
of progress, there is an overlapping of the characteristics of one period by 
those of another. 

One important point, however, must not be overlooked in inquiries 
relating to this subject; that is, the probability of the coexistence ot 
diversified heal floras^ as at the present day, the remains of which 
might, froBi purely systematic considerations, be regarded as of diiferent 
antiquity. 

In illustration of this, it may be observed that the remains found in the 
European formations bdonging to the epoch immediately preceding the 
present offer a general resemblance to tne prevailing forms of existing 
North- American vegetation. 

Sect. 2. Fossil Plants ohaeacteeizing paeticitlae 
Geological Foemations. 

1. Flora of the Falceozoie Strata, 

Xrfiwer and Middle Palaeozoic, or Transition Period. — ^Comparatively 
few plants are known in these strata, and a considerable amount of un- 
certainty exists in reference to the determination of the fossils. What 
remn^to remain in the Cambrian, Silurian, and Lower Devonian series 
are ^paren^ those of marine Algae. In the more recent deporits of this 
age Ferns, including some allied to JS^menopht/llum and lH(^u>manes, 
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Calattiitesi Asteroplijllitea) nxid Conifers ore found. oadsends 

in America through Upper SUuriafn and Devonian formations* It is h 
plant probably Cryptogamous, but not referable to any existing form, but 
presen^g resemblances to Bhizocarpeas and Lycopodiaeess, C^closHffma 
IS more distinctly Lycopodiaceous, as also Lycopodkes, Conifers are 
represented by PrototaxiteSf described as presenting indications of Coni- 
ferous structure in a simpler condition than now existing. In the Upper 
Silurian traces of Lycopods^occur, 

upper Paleeozolc, or CarboniaBrous System. — The known floras of this 
system, remarkable for the presence of the great Coal-beds of Europe, 
afford a very large number of species, in which there is a continued great 
predominance of the Leafy Cryptogamia (Ferns, Lycopods, Equiseta, &c.), 
in many respects of higher organization than those now existing. ^ 

The principal characteristics revealed here are the absence of Dicotyle- 
dons, the paucity of Monocotyledons, the predominance o^ the Ferns and 
allied Classes, and of certain plants of organization not met with in ex- 
isting vegetation, referred by some authors to the Class of Gymnosperms, 
by others, and probably more correctly, to the vicinity of Lycopodiacese, 
&c. Conifers and Cycads begin to appear, with Stigmarios, Bigillarias, 
Lepidodendroriy &c. The general character of this flora is very monoto- 
nous, and alike in character from the poles to the equator. 

About 150 species of Ferns have been found in the British Coal- 
formation. Lepidodetidron has the habit and spores of Lycopodium, 
Lejndostrohus is the fruit-spike of Leptdodcndron, having the structure 
of existing Lycopodium, Calamites seem to have been gigantic Equiseta. 
AsterophyUiteHy Annularia^ Sphmophyllum are possibly forms of Calamites. 
Stiff maria is the root of SiffUlaria, a plant of aoubtful affinity, referred by 
Carruthers to Lycopodiacete, by others to Gymnosperms. The Conifers 
are represented by Dadoxylmi, allied to Araucaria^ Sternhcrffiaj TrigoncH 
caiyum, &c. Stembergia is supposed to have been the pith of Dadoxylm, 
Antholites has much the general appearance of an Orohanche, 

Permian System. — The fossils of the Magnesian Limestone afford only 
fragmentary representatives of the Carboniferous flora, most of the cha- 
racteristic genera having disappeared. The Orders are much the same, 
but less numerously represented by species. Silicified Coniferous wood, 
WahhiUj Ferns, Calamites, Lepidodendron^ and Algae are found, and also 
evidence of the existence of Palms. Noeggerathia has the venation of 
Salishuria, 


2 , Flora of the Mesozoic, or Secondary Strata, 

Triassio, or New Red System. — In the Variegated Sandstone’’ strata 
of this formation, comparatively few species have yet been observed. 
The Carboniferous species have disappeared; Ferns still predominate and 
exhibit peculiar forms; Conifers {VoUzia^ Haidingerd) are abundant; 
Cycadeae rare, and a few doubtful Monocotyledons {Yuecitea, Palaeoxyria) 
occur. In the Keuper ” Sandstones, with a gonersd analogy iii the 
proportion of Orders, except that Ooniferm are rare and Oycadaceas abun- 
dant, the genera of Ferns and allied Orders are mostly distinct from those 
of the Vosgesian, or ** Variegated ” Sandstones. 

System.-— The essential choi^acters of thi^ epoch are the greah 
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copode. and Conifers also existed at this period, but no Angioap^fmoiu 
Dico^ledons have yet been discovered. 

OoUtle Bysleiii.— The nature of the strata referable here is very diverse ; 
the general character of the fossil vegetation consists in abundance oi 
Ferns proper, !Eqaiseta, and of Ojcadeas, especially of those genera 
(Zamkes and Otonamites) approaching nearest to eneting forma, and the 
greater freguency of the Conifersa, Brach^hyilum and T^u^s, than in 
the Lias. Cones of Araucarias have been found, as well as endogenous 
plants allied to Fandanm and Arum, Algae, Marsileas, Ly copods are also 
found. There are a large number of known species. The dirt-beds of 
Portland are layers of soil with remains of Oycadaceous trees in an erect 
position. Some of these are distorted by pressure into the shape of birds’ 
nests. 

Weolden System. — This formation^ remarkable as a freshwater product, 
has afforded comparatively few species of plants, mostly congeneric, al- 
though specifically distinct from those of the Lias ; but the proportion of 
the Cycadaceae to the Ferns is smaller. Equisetum and Chara {the latter 
by its fruits) are represented. Dicotyledons have not been discovered. 

Cretaceous System. — In this formation we are at once struck with the 
diminution of Ferns, Equisetaceos, and allied forms, the reduction of the 
species of Gymnosperms, and the appearance of Angiospermous Phanero- 
gamia, chiefly dicotyledonous (Betula, M7/rtca, 8aUx, &c.), though traces 
of Palms and Grasses have been met with. The Cycadaceae are still 
numerous ; but they and the Coniferae do not more, than equal the Dico- 
tyledons. The genus Crednariay supposed to belong to the last class, is 
very characteristic of the Chalk formation. The Ferns and Equisetaceae 
almost disappear. 

The fosau plants of the Upper Cretaceous system, the equivalent of 
the Upper Chalk of tliis country, show a terrestrial flora in which all 
the great subdivisions of the vegetable kingdom are represented. Dr. 
Debey estiu^tes the number of species at Aix at about 200, of which 
67 are Cryptogams. GUichenia^ lAfqodiumy and Asplenium among Ferns 
have been identified as genorically identical with the plants now so named. 
Among Conifers, Cycadopieris closely resembles Sequoia ; Araucanas also 
are found, but few Cycads. Pandanads existed, and, among Dicotyledons, 
Figs, Oaks, Walnuts, Myrtles, and numerous Proteads, the structure of 
the leaves of the latter being so perfectly preserved that even the stomata 
may be seen. Attempts have been made even to correlate the genera with 
existing types of Proteads ; but this is a very hazardous procedurej seeing 
how variable the leaves of Proteaceae are. Still the general indications 
point to a vegetation like that of Australia. 

3. Floras of the Tertiary System. 

The floras of this system form a more or less connected whole, 
which is continued in the later strata into existing vegetation. 
They are especially distinguished from those dE ol& epochs by 



m 


^ pg t MBlttT.. JOlOKiJSU 

the abtUMhinoe of Aogiosperhioua Phanerogams, Bicotyledons, luxd 
Monocotyledons-^above aU, Palmaceee. But a sort ^ transition 
takes place from the Cretaceous period to the Eocene. In this 
system, however, the proportion o8 Q-ymnosperms rapidly de- 
creases, and the Cycadaceas disappear from Europe, while the 
Conifers approach the character of the existing genera of temperate 
regions. 

Eocene Flora. — ^The distinctive characteristics, as compared with other 
epochs, are the presence, though rare, of Palmace®, MpaditeSy the com- 
parative abundance of Algas and marine Monocotyledons (CauUnifeSf 
Zosteritesj &c.), and the existence in Europe of numerous now exotic 
forms, such as OleicJienia among Ferns, especially represented by the 
fossil fruits of the Isle of Sheppey, the Barton Bed in the Isle of Wight, 
«fec. Though less rich than the Miocene, these formations include a large 
number of species of an Australian or Indian type, such as Lauraceas, 
Aralta, Amma^ Mcusy various Proteaceas, Pefroiditia, la tpogon. Temperate 
species, such as are found in the Miocene, are wanting. 

Sdocene Flora. — A very rich flora. No less than 900 species 
have been detected in one locality in Switzerland by Heer. The 
Australo-Indian forms give place to plants of an American type, 
resembling the existing vegetation of the United States, Mexico, 
and Japan. One of the most striking features is the abundance of 
Palmaceao, Sabaly together with Gamopetalous Dicotyledons, espe- 
cially a supposed Eubiaceous genus, Sieinhauria. The list of fossils 
contains also a Bamhusa, Lauracem, Combretaceoo, Lcguminosse, 
ApocynacesD, Vitlsy belonging to warm climates, with many Amen- 
taceous trees, Fopalus mutahilis, Carpinus, Aceracess, Proteaoem, 
Nymphaeaceoe, and other plants now belonging to temperate 
regions. Numerous vegetable remains occur in beds of this forma- 
tion at Bovey Tracey, Devonshire, and in the Isle of Wight. At 
Bovey Tracey one bed is described as a perfect mat of the debris of 
a Sequoia intermediate b(3tween the existing lied- wood, S. semper- 
virenSy and S, gigaatea ( Wellingtonia) of California. At (Eningen, 
on the Bhine, are beds of this formation containing numerous 
insects and plants, the latter being of special interest in this case, 
because the leaves are so often associated with fruits, rendering 
the identification so much more trustworthy. Numerous Maples 
with foUage and samaras have been found. Planes also are found 
with leaves and fruit, and with the bark peeling off, as in existing 
species. 

The flora of the Miocene period, as a whole, is of a subtropical and 
temperate character, and presents many American forms, such as lAqui- 
darmaTf Sequoia^ &c. In the Arctic regions, Greenland, &c., Miocene 
beds occur, very rich in vegetable remains, manv of whi<i are pronounced 
identical with those of the Miocene beds of Central Europe. In these 
now inhospitable regions once grew at least ten spedes of Conifers, in- 
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clu^Qg jSequoiaSi Taxodium distichumy Abies excelsa, Common ^ruce, 
Salisburias, Oaks^ Planes, Poplar^ Elms, Birch, Maples, Walnuts, Magno- 
lias, Andromsday Vibumumy Zamia, Vines, Ivies, FemS, and many others, 
more ox less correctly referred to existing generic types, but, in any case, 
adbrding evidence of a subtropical or warm temperate climate. It is 
conceivable, then, that the plants of the Miocene epoch, so many of' 
which are of American types, started from Greenland and were dispersed 
throughout Europe, Asia, and America. linger and Heer supposed that 
the plants might have mij^ated from America to Europe by way of a now 
sunken continent, the Atlantis of Plato, the position of which is marked 
by the accumulations of Sargasso Weed. The presence of American 
genera, Clethra &c. in Madeira, has already been alluded to with re- 
ference to this view. Asa Gray and Oliver, however, consider that the 
existing evidence is more favourable to a migration from America through 
Asia to Europe ! 

Flelocene Flora. — The Dicotyledons predominate, and are most varied, 
as in existing vegetation ; the Monocotyledons are rare ; and the Pal- 
macem of the preceding epochs are wantmg. The general analogy of the 
flora is with those of the temperate and warmer regions of Europe, North 
America, and Japan at the present day. According to the determinations 
made by palfeontologists, many existing genera are represented, such as 
Glyptostrohmy Taxodiumy /SbZw&teno, C}^erace8e, Comptonia, Thymelaceae, 
Santelaceso, Lauracese, Liqnidamhary Nysmy Jtobimuy Gleditschiay Bauhiniay 
Cassitty Acacia, Ithusy Juylam, Ceanothus, Celastnis, Sapindus, Lirioden- 
droviy Capparisy Sideroxylon, Achras, Symp/ocos, Cornacese, Myrtacees, 
Pomace®, Tiliace®, Magnoliacere,^ &c. This list includes especially 
modern North-American genera, which existed at that time in Europe. 
QtiercuSy Acer, &c. appeared then as now. 

Pleistocene Deposits. — The glacial drift and the diluvial deposits be- 
longing to this group afford hardly any recognizable vegetable remains, 
beyond fragments of fossil wood of Conifer®, met with occasionally in 
connexion with the bones of extinct Mammalia and in a few Li^ite 
beds. 

The flora of the Glacial period still exists in Alpine districts. 

4, Floras of Early Formations of the present Geological Period, 

The formations referable to this group consist chiefly of freshwater 
calcareous deposits (tufa), the older peat-bogs, and forests now buried or 
submerged beneath the sea. 

The remains existing in calcareous tufa have not yet been well inves- 
tigated, partly because the beds are not greatly developed in most 
countries, and partly because thejr usually contain only casts of vege- 
table structure, produced through incrustafion. As far as we know, the 
plants are similar to those of the existing floras of the regions, with a 
lew exceptions. 

The old peat-bogs, especially of Northern Europe, often contain vast 
quanlities of recognizaWe vegetable remains, belonging to species no 
longer growing in the same spots, but found further south, as remams of 
Corylm, Pimm pkea, &c, in the Shetland Islands, of Oaks, Maples^ limes. 
Ash, &c. in Sweden, beyond the present limits of those plants.. 
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Bemains of forests formed of still existing species occur in many parts 
of Europe, enclosed in diluvial beds. The city of Breslau stands on 
the site of an ancient forest, whence the trunks of Quer<m pedmmlata 
are dug out; the same is the case with the city of Bamberg, where the 
trunks of trees of great diameter have been found in excavations for 
railways, &ci Similar trunks of Oak are occasionally dug out of the 
diluvial beds in England, as in the upper part of the valley of the Med- 
w^. 

Submarine forests are known to exist off many points of the British 
coast and the west coast of France ; wood obtained from a large sub- 
merged bed off the coast of Pembrokeshire is found to consist of Oak 
and Alder, and of Pirns sylvestris : the Oak, Elm, Hazel, Walnut, &c. 
are found in the British Channel. In the Lake-dwellings of Switzerland 
seeds of Cereals, Apples, Nuts, &c., and Linseed have been found, indi- 
cating not only the existence of these plants, but also, as in the case of 
Cereals, of cultivation. 

These facts, together with the analogous but more complete evi- 
dence derived from animal remains, show a gradual transition from 
the Tertiary to the present geological epoch. 

As to the wider question of the descent of existing species from 
their fossil representatives, or from preexisting forms now extinct, 
such filiation can hardly be doubted in many cases, although the 
exact line of descent is often not traceable. On the other hand, 
many of the earlier types of vegetation were of their kind more 
highly organized than their existing representatives ; hence it is a 
(juestion whether the latter are really degenerate descendants from 
their progenitors, or whether the more highly endowed Lycppods 
and Equiseta, for instance, have not died out and become extinct. 
Thallophytes seem to have existed in all ages much as we see them 
now. Vascular Cryptogams and Conifers early came into exist- 
ence, and were, as we have seen, highly organized. Traces of 
Angiospermous Dicotyledons are not visible till a much more recent, 
but still inconceivably remote period ; while from the time of the 
Eocene and Miocene periods ^ there is a gradual increase in the 
number of forms, such as are now found in various parts of the 
globe. 

It is clear, then, on the whole, that there has been a succession 
of vegetable types, and a gradual progression in morpholugical 
complexity, but that such succession has been interrupted and not 
continuous in any one locality, that many links have been utterly 
lost, and many forms become extinct, so that the attempts made to 
create a “ phylogeny " or genealogical history pf the Vegetable 
Kingdom on so imperfect a basis as is now available must be 
accepted with great reserve. 
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CONTAENINQ THE 

BOTANICAI. NAMES OF CLASSES, OBDBRS, AND GENERA, AND THE VERNA- 
CULAR NAMES OF SPECIES REFERRED TO IN PART II. OP THIS WORK. 


Ahele, 346. 

Abies, Tbwrwfl/. 858. 
Abietineje, 358. 
Abroma, Jacq. 223. 
Abrus, X. 253. 
Absinthe, 292. 

Acacia, Willd. 254t, 
Acalypha, X. 338. 
Acanthacejb, 322, 
Acanthera, 316. 
Acantbodium, Del, 322, 
Acanthus, X. 322. 
Acer, X. 231. 
Aceracejb, 231. 
Achillea, Neck. 292. 
Achimenes, P. Br. 324. 
Achlamyde.®, 329. 
Achlya, Nees, 452. 
Achras, 302. 
Acliyranthes, X. 330. 
Aconitum, Tournef. 190. 
Acorus, X. 396. 
Acbamphtbrya, 186. 
Acbobrya, 186. 
Acrochisnia, Hook.jfil. 
432. 

Acbogens, 187. 
Acrostichum, X. 419. 
Actaea, X. 196. 
Actinocarpus, P. Br. 
389. 

Adansonia, X. 221. 
Adenanthera, X. 251. 
Adhatoda, Nees, 322. 
Adiautum, X. 419. 
Adonis, DC. 196. 


Adoxa, X. 282. 
^Ichmea, P. P. 381. 
.^cidium, Gfnel. 460. 
JEaiCEBACBiE, 301. 
.zEgiceras, X. tK)l. 
yEgiphila, 321. 

.^Egle, Corr. 235. 
itCschynanthus, Jack, 
324. 

u^sculus, X. 230. 
^tlialiuni, 471. 
./Ethusa, t. 280. 
African Hemp, 386. 
African Teak, 340. 
Agabicini, 463. 
Agaricus, X. 462. 
Agathophyllum, Juss, 
333. 

Agathotes, Z)o». 308. 
Agave, X. 378. 
Agrostis, X. 404. 
Ailanthus, 2>e^. 242. 
Aizoon, X. 269. 

Ajuga, X. 320. 
Alangiacr®, 263. 
Alangium, X. 263. 
Alaria, Grev. 451. 
Alchemilla, Tmirnef, 

Alder, 345. 

Aldroyanda,ilfon^e^ 215. 
Aletris, X. 380. 
Aleurites, Forst, 339. 
Alexanders, 282. 
Alfonsia, Kmtk, 392, 
ALGiB, 414, 435. 


Algaroha, 254. 

Alhagi, 263. 

Alisma, «7uss. 889. 
Alismacb^, 388. 
Alkanet, 318. 
AUamanda, X. 308. 
Allium, X. 885. 
AUosorus, Bernh. 419. 
Allspice, 260. 

Almond, 258. 

Alnus, X. 345. 

Aloe, Tournef, 385. 
Aloes, 386. 

Aloes-^ood, 254, 330. 
Aloexylum, 254. 

Alona, LindU 317. 
Alopecurus, X. 404. 
Aloysia, 321. 

Alpiuia, X. 375. 

Alsine, Wdhlenb. 219. 
ALSINEiE, 219. 
Alsodeia, Thomrs, 216. 
Alsophila, P. Br. 419. 
Alstonia, X. 309. 
Alstrosmeria, X. 378. 
ALSTBCEMEBIRaB, 378, 
Althaea, X. 22L 
Altingiejb, 278. 
Alum^f'oot, 238- 
Alyssum, X. 211. 
Alyxia, 309. 
Amarantace-b, 330. 
Amarantus, X. 330. 
Amarauchaete, 471. 
Amarylle.®, 37a 
Amabyllidaobjb, 376. 
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AmarylUd&, 378. 
AmaryEis, X. 878* 
Ambrosiiiia, Z. 398. 
American Aloe, 379. 
Axnmaimia, Hovst. 265. 
Ammi, Tournef, 282. 
Ammoniacumj 282. 
Amomtim, X. 376. 
Amorphophallus^ 
Blume, 397. 
Ampelopsis, litch. 244. 
Amphibbya, 186. 
Amygdale.®, 267. 
Amygdalus, 258. 
AMYRiPACEiB, see Bur- 
seraceee. 

Amyri?, X. 248. 
Anaoardiace-®, 246. 
Anachnris, Bab. 382. 
ADagallia, Touri^f. 300. 
Anagyris, X. 253. 
Anamirta, CoUh. 201. 
Ananassa, Lindl. 381. 
Anandiia, Siegesh. 293. 
Anchusa, X. 318. 
Ancistrocladus, WaU. 
226. 

Andira, 253. 

Andrasa, Ehr. 432. 
ANDR.ffi:ACEiE, 431. 
Andrograpliis, Wall. 
322. 

Andromeda, X. 296. 
Androppgon, X. 403. 
Androsace, Ti^mm. 301. 
Anemone, HaUer^ 196. 
Anemone.®, 196. 
Anethum, X. 282. 
Angelica, Hoffm. 280. 
Angelica^ 282. 
Angiopteris,Xro^.420. 
Angiospebmia, 193. 
Angostura hark, 241. 
An^secum, ThouarSy 

Anime, 264. 

Af^Cf 282. 

AnnattOy 214, 
Anomo<mloa, 405. 
Anona, X, 200. 
AnonAcejb, 200. 

‘ Antheads, -DC. 292. 


Antheiicum, X. 385. 
Anthistiria, X. 406. 
Anthocercia,Bahilt. 316. 
Anthocbbote.®, 436. 
Anthoxanthum, X. 404. 
Anthriflcua, X. 279. 
Antlmrium, SchotL 397. 
Antiaris, Lesch. 343, 
Antidesma, X. 343. 
Antirrhinum, X. 326. 
Apeiha, X. 224. 
Apetal.®, 328. 
Aphanomyces, 466. 
Aphelexis, Bor. 294. 
Aphyllanthes, 385. 
Apiaceje, 278. 

Apium, Hoffm. 282. 
Aplectrum, Nutt. 374. 
Aplobpobb®, 448. 
Apocynace.®, 308. 
Apocynum, Toumef. 
309. 

Aponogeton, Tfmnh. 

ApOSTASIACEiE, 374. 
Apple, 258. 

Apricot, 268. 
AQUIFOLIACEiE, 303. 
Aqnilaria, Lam, 336. 
Aquilabiacea^, 336. 
Aquilegia,7bw7’7i^. 196. 
Arabia, X. 211. 
Abaceje, 396. 

Arachis, X. 253. 

Aralia, X. 282. 
Abaliace-®, 282. 
Araucaria, Jms. 368. 
Arhor-viUe, 361. 

Arhre du Voyageur, 378. 
Arbutua, Tournff, 296. 
Archangelica, Hoffm. 
282. 

Archispebms, 357. 
Arctium, Xom. 293. 
Arctoataphyloa, Adam. 
297. 

Areca, X. 391, 
Arenaria, X. 219. 
Argania, 8ch. 302. 
Ar^mone, Tournef. 
207. 

Argytophylium, 287. 


Aristolochia, Toumef. 
355. 

Aristolochiacejb, 

856. 

Armeria, Wdld, 299. 
Armoracia, 212. 

Arnica, X. 292. 
Aboide^., 396. 
Aromodendron, 199. 
Arracacha, 282. 
Ai'ii'ow-root, 376. 
Arrow-^root, Portland 
397. 

Arrudea, St.-Hil. 227. 
Artanthe, Miq. 348. 
Artemisia, X. 292. 
Artichoke, 293. 
Abtocaupaceje, 342. 
Aitiocarpus, X. 342. 
Arum, i. 396. 

Arundo, X. 405. 
Amfmtida, 282. 
Asagreea, Lindl. 387. 
Aaarum, Toumef, 365. 
Asclepiadace.®, 309. 
Aaclepias, X. 310. 
Aacobolus, Pers, 466. 
Ash, 306. 

Asparagus, X. 385. 
Asparagus, 386. 
Aspergillus, Mich. 467. 
Aspidistra, Ker, 385. 
Aspidium, Swartz, 419. 
Aspidosperma, M. ^ Z. 

Asplenium, X. 419. 
Assam Tea, 227. 
Astelia, Banks, 399. 
Aster, Nees, 291. 
Asteranthos, Besf,261. 
Astilbe, Ham. 2o6. 
Astragalus, X. 260, 253. 
NatTd.ntiB,,Tournef. 279. 
Aatrocarpus, Neck. 214. 
Astrocaryun^iHfe^. 894. 
Astroloma, JK. Br. 298. 
Ataccia, B. Br. 369, 
Atelanthera, Hook. f. 
212 . 

Athebospbbmacb.®, 

334. 

Atriplex^ X. 831. 
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Atropa, X. 816. 
AXBOPACBiE, 815. 
Attalea, H, B, K. 391. 
Attar of BoseSf 258. 
Aubei^giriCj 817. 
Aucklandia, 293. 
Aucuba, Thunh, 283. 
Aubantiace.®, 286, 
241. 

Auricula f 301. 
Australian Tea^ 241, 
Australian Currants^ 
287. 

Autumn Crocus, 387. 
Ava, 348. 

Avena, X. 404. 
ATerrboa, X. 237. 
Avicennia, X. 321. 
Avocado Bear, 333. 
Azalea, X. 297. 

Bacillus, 472. 

Bacteria, 471. 

Bseckia, X. 259. 

Bad fruit, 23(5. 

Bafree, 400. 
Balanophora, ForsL 
353. 

Balanophoraceas, 

363, 

Ballota, X. 320. 

Balm, 321. 

Balm of Gilead, 248. 
Balm of Mecca, 248. 
Balsam of Copaiba, 254. 
Bahamrofr Gilead Mr, 
360. 

Balsam of Peru, 264. 
Balsam of Tolu, 254. 
Baesaminaoe^, 238. 
BalsamodendroB, 
Kunth, 248. 

Bamboo, 405. 
Bambusa, X. 404. 
Banana, 377. 
Banisteria, X. 233. 
Banksia, L.JiL 33(5. 
Baobab, 222. 

Bapbia, 254. 

Baptisia, 253. 
Barbacenia, VandeUi, 
380. 


Barbadoes Cherry, 233. 
Barhadoes GoosAerru* 
277. 

Batdaya, Wall. 204. 
Bark, Jesuits', 287. 
Bark, Winter's, 199. 
Barleria, X. 322. 
Barley, 405. 

Barosma, Willd. 241. 
BaRRIN GTONIACEA3, 
201 . 

Bartonia, Shns. 275. 
Bartramia, Hcdw. 

432. 

Bar-wood, 254. 

Basella, X. 332. 
Basellacejt], 332. 
Basidiomycetes, 

4(51. 

Basil, 321. 

Ba^sia, Kim. 302. 

Bast, 224. 

Batarrhea, 404. 

Batis, P. Br. 341. ^ 
Bauhinia, Plum. 254. 
Bay-tree, 3J13. 
Bdellium, 248. 
Bean-capers, 240. 
Beans, 262. 

Beaume cl cochon, 248. 
Beech, 351. 

Beef -wood trees, 347. 
Beet, 331. 

Befaria, Mutis. 297. 
Begonia, X. 274. 
Begoniacea:, 274. 
Belladonna, 316. 
Bellendena, B. Br. 336. 
Belvisiaceje, 261. 
Bencjal Hemp, 253. 
Bevv-nuts, 265. 

Benzoin, 2(52, 303. 
Benzoin, Nees, 333. 
BerberidaceuE, 202. 
Berbeiis, X. 202. 
Berberry, 202. 

Bere, 406. 

Beraamot Orange, 

236. 

Bergera, Kcm. 235, 
Beta, Toumef. 337. 
Betel-nuts, 894. 


Betony, 321. 

Betula, X. 345. 
Betulackjb, 345. 
BMri, 333. 

Big, 406, 

Bignonia, X. 322. 
BiGNONIACEiB, 322. 
Bignoniales, 322. 
Bikh, 198. 

Bilberry, 297. 

Bilimhi, 237. 
BiUardiera, Smith, 

243. 

Billbergia, Thumb. 381. 
Bindweed, 312. 

Birch, 845. 

Bird-lime, 303. 
Birth-woit, 365. 
Bitter-sweet, 314. 
Bitter-wood, 242. 

Bixa, X. 214. 
Bixaceas, 214. 
Blackberry, 258. 
Blackwellia, Commers. 
276. 

Bladder-nut, 231. 
Bladder-senna, 263. 
Bladder-wrack, 460. 
Blasia, Mich. 434. 
Blecbnum, X. 419. 
BlifMng, 2ti7. 

Blitum, X. 331. 
Blood-j*oot, 207, 380. 
Blumenbacbia, Schrad. 
275. 

Boc^ea, St.-Hilaire, 

Bocconia, X. 207. 
Boehmeria, Jacq. 841. 
BcBHMERIEi^ 341. 
Boerbaavia, X, 330. 
Bog-mosses, 432. 
Bog-myrth, 344. 

Bois de Cohphane, 
248. 

Bolax, Commers. 280. 
Boldoa, Juss. 201. 
Boletus, Dill. 462. 
Bombaceje, 221. 
Bombax, X. 221. 
Bonnetti.®, 226. 
Bonplandia, 241. 
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BoopiSf 280; 

BOBAGIllir ACfiJS^ S17. 
Borago, Towmtf^ 818. 
Borassus; X. 891. 
BordeausC Turpewtinej 
361. 

Boronia, Smithy 24L 
Boscliia, 222. 
Boswellia, Moxh, 248. 
Botany •Bay Gum^ 
386. 

Botirchium, SwaHz, 
420. 

Botrydina, BrSb. 452. 
Botrydium, Wallr. 

452. 

Bottle-hftish plants^ 

260. 

Bougainvillea, 330. 
Bowstring Hemp, 386. 
Boxwood, 340. 
Brachychiton, 223. 
Brachjrstelma, 311. 
Brasenia, X. 204. 
Brassica, X. 211. 
Brayera, Kunth, 258. 
Brazd-nnt, 261. 
Brazil-wood, 254. 
Bread-fruit, 343. 
Broccoli, 212. 

Bromelia, X. 381. 
Bromeliaceje, 381. 
Bromus, L. 404. 

Broom, 253. n 
Broomrltapes, 324. 
Brosimum, Swarz, 343. 
Broussonetia, Vent. 343. 
Brucea, MUler, 242. 
Brugmera, Lam. 261. 
Brunia, X. 278. 
Bbuniacbjb, 278. 
BitTTNONIACEiB, 294. 
BBYACEiB, 431. 
Bryonia, X. 273, 274. 
Bryony, black, 369. 
Bryony, white, 274. 
Bryonnyllum, Suduh. 

Biyul^i. 432. . 
Bucida, X. 262« 


Bn^ye, 230. 
r^cMandia, iZ. Br. 278 
Buckthorn, 246. 
Buckthorn, Sea, 336. 
Buchu,2^. 

Buckwheat, 330. 
Buddleia, Lindl. 306. 
Buettneria, see 
Byttneria. 

Buglosa, 317. 

Bulrush, 395. 
Bupleurum, Tournef. 
280. 

Burdock, 298. 
Burgundy Bitch, 361. 
Bubmanniacej®, 374. 
Bursera, Jacq. 248. 
Bubserace.®, 248. 
Butcher's Broom, 887. 
Butea, 253. 

Butome^, 389. 
Butomus, Totvrnef. 389. 
Buttercup, 189. 
Butter-nut, 350. 
Butter-w<yrts, 328. 
Btjxace.®, 340. 

Buxus, Tournef. 340. 
Byttneria, Losffl. 223. 
Bytteeriacb.®, 223. 

Cabbage, 212. 
Cabbage-palm, 394. 
Cabomba, X. 204. 
Cabombace^, 204. 
Cacao beans, 224. 
CACTACEiE, 276. 
Cadaba, Forsk. 212. 
CsBsalpinia, X. 251. 
C.®8ABPINIK®, 250. 
Caffer-bread, 366. 
Cahinca-root, 287. 
Cajanus, 253. 
Ccgeput-oil, 260. 

Cfiiue, Tournef. 211. 
Calabar-bean, 253. 
Calabash Nutmeg, 200. 
Calabash'tree, 200. 
Caladium, Vent. 396. 
Calamagrostis, 406. 
Catamander-wood, 303. 
Calamites, 418. 

Calamus, X. 391. 


Calceolaria. JM2. 

. 826. 

Calendula, Neck. 298. 
Oalla, X. 396. 
Callikemma, Cass. 293. 
Callitbaxnnion, Lyngh. 
447. 

Callxtbichacejb, 

349. 

Callitriche, X. 349. 
Callitris, 360. 
Calophyllum, X. 227. 
Calothrix, Agh. 454. 
Culotropis, B. Br. 311. 
Caltha, X. 196. 
Calumha-root, 201. 
Caxycanthaceje, 258. 
Calycanthus, Lindl. 

2*59. 

Calycera, Cav. 289. 
Calyckracb.®, 289. 
CALYClFLORiE, 244. 
Calystegia, B. Br. 812. 
Calytrix, Labill. 261. 
Camassia, 386. 
Cambogia, X. 227. 
Camellia, L. 220. 
Camellia CE^, 226, 
Camel-thorn, 253. 
Cameraria, Plum. 309. 
Camomile, 292. 
Campanula, X. 295. 
Campanulace-®, 296. 
Camphor, 333. 

Camphor, Sumatran, 
225. 

Camphora, Nees, 333. 
Cam-wood, 264. 

Canada Balsam, 861. 
Canada Bice, 406. 
Canaiium, X. 248. 
Canary Creeper, 239. 
Canary-seed, 406. 
Candle-free, 328. 
Candollea, LabiU. 198. 
Canellace®, 304. 
Canes, 394. 

Canua, X. 370. 
Oaenabine®, 342. 
Cannabis, Toum^. 

842. 

Cannon-baU tree, 261. 
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CtmJterhiry 295. 
Cmt/^houCf 343. 
Caoutchouo^Uley 339. 
Caper, 213, 
Cafpabibacsjs;^ 212. 
Capparis, X. 212. 
Capbifoliack®, 284. 
Caprifolium, Toumef, 

Capsella, Vent 211, 
Capsicum, Tournef, 

Caramhole, 237. 

Carana resin, 248. 
Carapa, Auhl. 234. 
Caraway, 282. 
Cardamoms, 376. 
Cardiospermum, L. 

230. 

Cardoon, 293. 

Oarduua, Gaertn, 294. 
Carex, Mich. 400. 
Carica, i. 270. 

(Larissa, L, 309. 
Carlina, Toumef, 293. 
Oarludovica, R, Sr P. 
396. 

Carmiclisslia, Qrev,2^2. 
Carnation, 220. 

Carohs, 254. 

Carolina Pink, 307. 
Carpinus, L. 360. 
Carrageen, 448. 

Carnot, 282. 
Carthamus, Toumef, 
293. 

Camm, Koch, 282. 
Carya, Nutt, 360. 
Caryocar, X, 226. 

C ABYOPHYLL A CE JE, 
218. 

Caryophyllus, Tournef, 

Caryota, X. 391. 
CmcariUorharh, 340. 

Cashew-imt^AU . 
Cassava, 340. 

Cassia, L, 261, 264. 
Cassia’^hark, 333. 
Casapourea, AubL 262. 
Cassytha, X. 333« 


Oastanea, Gmrtn, 360. 
CastiUoa, 343. 
Castor^oU, 839. 
Casuaiina, X. 346. 
CABUAHINACSjE, 346. 
Catalpa, 322. 
Oatasetum, Rich, 372. 
Catechu, 2M, 295. 
Catha, Forsk, 246. 
Cathartocarpus, Pers, 
252. 

Cauliflower, 212. 
Caulinia, WiM, 
Oaulophyllum, Michx, 
202 . 

Cayenne^pepper, 316. 
Ceanothus, X. 246. 
Cecropia, X. 343. 

Cedar of Lebanon, 360. 
Cedar-wood, 248. 
C6drat, 236. 

Cedrela, X. 234. 
CEDBELACEiE, 234. 
Cedron, 242. 

Cedrus, X. 360. 
Celastbackje, 246. 
Celastrus, Kunth, 245. 
Celery, 282. 

Celosia, X. 330. 
Celteje, 344. 

Celtis, Tournef, 344. 
Centaurea, Less, 293. 
Centradenia, Don, 

2m, 

Ccntranthus, DC. 288. 
Centrolepis, LahiU, 

399. 

Cephaelis, Sw. 287. 
Ceplialanthus, X. 287. 
Cephalotaxus, Zucc. 
361. 

Cephalotus, LahiU. 266. 
Cebamibjb, 447. 
Ceramium, Adans, 

447. 

Cerastium, X. 219. 
Cerasus, Juss, 258. 
Ceratonia, X. 251. 
Cebatofhyllace.®, 
348. 

CeratophyUum, X. 

348. 


Ceratopterifl, ^rongn, 
419. 

Ceratoacyos, ilfew, 270, 
Cerbera, X. 309, 

Cereal grains, 406. 
Oereus, ifaw. 276. 
Ceroxylon, H, & B, 

391. 

Cestrum, 316. 

Ceterach, Adam, 419. 
Cetraria, Ach, 469. 
Cevadilla, 387. 
Chailletia, D C. 246. 
Chaieletiacp^ 246, 
Chamsedorea, WiUd. 
891. 

CHAMJELAtrOIACB.®, 

261. 

Chamasrops, X, 391. 
ChamamsBles, Lindl, 
269. 

Chara, X. 444. 
Chabacbas, 444. 
Chavica, Miq. 347. 
Cheiranthus, R, Br, 
211 . 

Cheirostemon, X. 223. 
Chelidonium, Toumef. 
207. 

Chenopodiace.®, 331. 
Chenopodium, X. 331. 
Cherimoya, 2Ck). 

Cherry, 268. 

Cherry, Cornelian, 284. 
Gharry-laurel, 268. 
ChervU, 282. 

Chestnut, 351. 

Chibou resin, 248. 

Chick Pea, see Ocer, 
Chicory, 293. 
Chimaphila, Pursh, 
297. 

Chimonanthus, Imdl 

m 

C%wia Aster, 293. 
China-root, 384. 
Chiococca, P. Br, 287. 
Chiosantlius, X. 306. 
ChireUa, 308. 

Chive, 386, 
Chljbnaceji, 225. 
Chlora, X. 306. 
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Chlobanthacejb, 347. 
Chloranthufi, Swartz, 
347. 

OWoroxylon, DC, 234. 
ChocolaU^ 2^. 
Ohondodendron. D, ^P, 
201 . 

Chondrus, Grev, 447. 
Chorda^ Stackh. 450. 
Chorozema, LaUll, 250. 
Cl^santhemum, DC. 

Chrysanihemum^ 293. 
CHBYSOBALANEiE, 257. 
Chrysobalanus, L. 257. 
Chrysophylluiu, X. 302. 
Chylocladia, Grev. 447. 
Cliymocarpus,X)ow, 239. 
Cl^^ridium, Al. Br, 

Cicer, Tournef. 253. 
ClCHORACE.®, 292. 
Cichorium, Toumef. 

293. 

Cicuta, X. 279, 281, 
Cinchona, X. 287. 
Cinchona, 287. 
OiNCHONEiB, 286. 
Cineraria, 293. 
Cinnamomum, Barm, 
333. 

Cinnamon, 333. 

Circaea, Tournef, 264. 
Cissampelos, Xl 201. 
Cissus, X. 244| 
OlSTACE.®, 214. 

Cistns, Tournef. 214. 
Citron, 235. 

Citrosma, i2. 4* -P* 201. 
CitruUus, Keck. 273. 
Citrus, X. 235. 

Cladium, R. Br. 400. 
Cladpnia, Hoffm. 469. 
'Clarhia, Parsh, 264. 
Clathrocystis, Hmf 
452. 

Clathrus, Mich. 464. 
ClaYaxia, X. 462. 
CliAVABlBiB, 462. 
ClavicepS; 4^. 

Claytonia, X. 269. 
CleanngmtUy 307. 


Clematidk^, 196. 
Clematis, X. 196. 
Oleome, DC, 212. 
Clkomeas, 212. 
Clerodendron, X. 321. 
Closterium, Nitszch, 
454. 

Clove-nutmegs, 333. 
Clover, 252. 

Cloves, 260. 
Cluh-Mosse^, 423. 
Clusia, X. 227. 
CEFSlACEiE, 227. 
Clmfer-pine, 360. 
Clu3rtia, Ait. 338. 
Cneorum, 242. 

Cobaea, Cav. 311. 

Coca, 2.34. 

Coccoloba, Jacq. 329. 
Cocculus, DC. 201. 
Cocculus indicus, 201, 
Cochineal, 277. 
Cochloaria, X. 211. 
Cock's-eomh, 331. 
Cocoa, 224. 

Cocoa-nut, 393. 
Cocoa-nut oil, .394. 
Cocoa-plum, 258. 
Cocoes, 397. 

Cocos, X. 391. 
Codarium, Soland. 254, 
Codiiun, Stackh. 452. 
Coelebogyne, J. Sm. 

338 

Goffea, X. 287. 
CoFFEiE, 287. 

Coffee, 287. 

CoeV, 394. 

Coix, X. 403. 

Cola, /SbAo/JA 223. 
Colchicum, Tournef, 
385. 

Colchicum, 385. 
Coleochaste, Breh. 452. 
Collema, 469. 
Colletia, Comm, 246. 
CoUomia, NuU. 311. 
Collophora, 309. 
Colocasia, i2«y, 396. 
Colocynih, 274. 

CoUrfoot, 293. 
Columbine, 198. 


COLUMBDLIACBJB, 324. 
Colutea, 252. 
COMBBETACEiE, 262. 
COMBBETE.®, 262. 
Combretum, Lceffl. 262. 
Commelyna, Dill, 387. 
CoMMELYNACEJE, 387. 
COMPOSITAB, 289. 
Comptonia, Banks, 345. 
Conanthera,i2. ^P. 385. 
CoNFEBVA2, 451. 
CONFKBVOlDEiE, 451. 
CONiFEBiE, 358. 
Conium, X. 279, 281. 
CoNJUGATJE, 453. 
CONNABACE^, 247. 
Conocarpus, 262. 
Convallaria, Desf. 3(?5. 
CONVOLVTJLACEAi:, 312. 
Convolvulus, L. 312. 
Cookia, Sonner, 235. 
Copaiba, 254. 

Copaifera, X. 251. 

Copal, 254, 

Copal, Indian, 225, 
Copernicia, MaH. 394. 
Coprosma, Forst, 287. 
Coptis, Salish. 198. 
Coquilla-nut, 394. 
Corallina, Tournef. 

447. 

COBALLINEiB, 447, 
Corallines, 448. 
COBALLOBHIZA, 374. 
Corchorus, X. 224. 
Cordia, Plum. 317. 
COBDIACEA3, 317. 
COBDYUNE, 386. 
Corema, Don, 341. 
Coriander, 282. 
Coriandrum, X. 280. 
Coriaria, 242. 
CoBABlEiE, 242. 

Cork- Oak, 351. 
CoBMOPHYTA, 408. 
CoBNACBJE, 283. 
Comus, Tournef. 283. 
COBOLLIFBOB®, 284. 
Coronilla, X. 253, 
Correa, Smith, 241. 
Corsican Moss, 448. 
COBTICIUM, 462. 
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Corydalis, DC. 208. 
Corylus, L. 350. 
COBYMBIFEEiE, 292. 
Cosmariiim, Menegh, 
454. 

Costus, L, 375. 

293. 

CoUon-grasu, 402. 
Cotton-‘plant8^ 222. 
Cotyledon, DC* 267. 
Cottch-grass, 406. 
Coutarea, 287. 
Cowhage, 253. 
Cow-plant, 311. 

Cowrie Pine, 360. 
Cowslip, 301. 

Coio-tree, 309, 343. 
Crambe, Tournef. 211. 
Cranberry, 2J)7. 
Crane's-bills, 237. 
Crassula, Haw* 267. 
CBASSUnACEAS, 2()7. 
Cbassulbje, 267. 
Crataegus, L. 258. 
Crataeva, L. 215. 
Crawfurdia, Wall. 308. 
CreasoU-plant, 240. 
Cbemospebmejb, 273. 
Creseentia, X. 323. 
Cbescentiacejb, 322. 
Cress, 212. 

Cribbaeia, 471. 
Crithpium, Tournef. 
282. 

Crocus, Tournef. 381. 
Cross-flowers, 209. 
Cbotalabia, 252. 
Croton, X. 3;18. 
Croton-oil, 339. 
Crowherry, 341, 

Crown Imperial, 386. 
Cbozophoba, 340. 
Crucifebje, 209. 
Cbyptocabya, 333. 
Cbyptogamia, 408. 
Cryptomeria, Don, 358. 
Cbyptonemieab, 447. 
Cubeba, Miq. 347. 
Cubehs, 348. 

Cucumber, 274. 
Cueumis, X. 273. 
Cucurbita^ X. 273. 


CuCXrRBITACEAE, 271. 
Cudbear, 470. 
Cuminum, X. 282. 
Cummin, 282. 
Cunninghamia, 22. Br. 
359. 

Cunonia, X. 266. 

CUNONIE^ 266. 

" Cupania, X. 230. 
Cuphea, Jacq. 265. 
CUPBESSINE.®, 358. 
Cupressus, Tournef 
358. 

CuPlTEIFEBJE, 350. 
Cura(;oa, 236. 
Curculigo, Gcertn. 379. 
Curcuma, X. 376. 
Cui'rant {grape), 244. 
Currants, 277, 287. 
Cuscuta, Tournef. 312. 
CUSPABIEJE, 241. 
Custard-a/ple, 200. 
Cyathea, Smith, 419. 
CYATHEEiB, 419. 
Cycadace.®, 364. 
Cycas, X. 365. 
Cyclamen, Tournef 
301, 

CyCLANTHE.®, 395. 
Cyclanthus, Pott. 395. 
Cyclocodon, 2i)5. 
Cycnoclies, Lindt. 373. 
Cydonia, Tournef. 258. 
Cynanchum, X. 310. 
Cynaiieje, 292. 
(^ynodon, Bich. 406. 
Cynomorium, Michel. 

Cynosurus, X. 406. 
Cypebaceab, 400. 
Cyperus, X. 400. 
CYPiriEAE, 295. 

Cypress, 361. 

Cypress {deciduous), 

361. 

Cypripedium, X. 371. 
Cybillaceje, 304. 
Cyrtandra, Forst. 324. 
Cybtandbe.®, 324. 
Cystopteris, Bernh, 419. 
CY3TOPUS, 457. 
Cystoseira, Agh. 449, . 


Cytinace.®, 354. 
Cytinus, X. 354. 

Cytisus, 253. 

Bacrydium, Sol. 861. 
Bacrymyces, 462. 
Daffodil, 379. 
Dahk-trees, 253. 

Dahlia, 21;)3. 

Daisy, 293. 

Balbergia, X. 253. 
Dammar Pine, 360. 
Dammar Pitch, 225. 
Dammara, Humph. 

359. 

Damson, 258. 

Banaea, J. Sm. 420. 
Dandelion, 293. 
Baphne, X. 336. 
Baphniphyllace^e, 
340. 

Barlingtonia, Torr. 205. 
Darnel, 406. 

Date, 394. 

Date-plum, SOS. 
Batisca, X. 276. 
BATlSCACEiE, 275. 
Batura, X. 314. 

Baucus, X. 280. 
Deciduous Cypress, 361, 
Behaasia, 

Belabechea, 223. 
Belesseria, Lamx. 447. 
Bklessebieje, 447. 
'Delirna, X. 198. 
Belphinium, Tournef 

Bendromecon, 206, 
Deodar, 360. 

Bermatia, XTmcJ. 465, 
Bermatocarpon, Eschw* 
469. 

Besfontainea, M. & P. 
306. 

Besmarestia, Lamx. 
460. 

Beshidiejb, 454. 
Besmidium, Agh. 464, 
Besmodium, 262. 
BEsyAUxiACEiE, 399. 
Betariuna, 251. 

Beutzia, Thumd). \ 
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Dhoom pitchy 225* 
Bialium; 254. 
Diamorpha, Nutt, 267. 
Diamobphb^, 267. 
Diantliua, L, 21^.. 
DiAPKNSIACEiB, 311. 
Diatoma, DC. 454. 
Diatomaceae, 454. 
DlATOMEiB, 464. 
Dicentra, Borkh, 208. 
Dichsena, Fries, 468. 
Dicotyledones, 193. 
Dicranum, Hedw, 432. 
Dictamnus, L, 241. 
Dictyogens, 187. 
Dictyopteris, Lamx, 
449. 

Dic^osiphon, Orev, 

Dictyostelium, 471. 
Dictyota, Lamx. 448. 
Diotyotaceje, 448. 
Didymium, 470. 
Dienenbachia, Schott 
396. 

Dielytra, 208. 

DierViUa, Tournef. 285. 
Digitalis, L. 326. 
Dilkea, Mast 270. 

Bill, 282. 

Dillenia, L, 198. 
Dilleniaceje, 198. 
Dion, Lmdl, 365. 
Dionsea, EUis, 215. 
Dioscorea, 369. 
Dioscoreace.®, 369. 
Diosma, L. 241. 
Diospyros, Z. 302. 
Diphaca, Lour. 261,265. 
Dipladenia, DC. 309. 
Diploelinium,ZtW^.275. 
Di^lopbractum, Besf. 

DlPLOZYGm, 280, 
Dipsaceje, 288. 
Dipsacus, Tournef, 288. 

DlPTEEAOBiB, 225. 

Di^terocarp\is, Ge^tn, 

Dipteryx, Meinw. 251, 
253. 

DisoUdia, Br, 311. 


Discomycetbs, 466. 
Dittany of Crete, 321. 
BivMim, 264. 

Bocks, 330. 

Dodders, 313. 
Dodone.®, 2.30. 
Bog^hanes, 308. 
Bog'^s-iooth, 886. 
Bog-violet, 217. 
Dogwood, 284. 

Doiichos, L, 263. 
Dombeya, Cav, 223. 
Dorema, Bon, 282. 
Doronicum, Z. 292. 
Doryphora, Endl. 334. 
Dorstenia, Plum, 340. 
Bourn Palm, 394. 
Dracaena, Vand. 385. 
Dracontium, Z. 307. 
Dragon^ s-hhod, 394. 
Bragon's-mouth, 327. 
Dragon-tree, ^^86. 
Drakea, lAndl. 372. 
Drapamaldia, Bory, 
452. 

Drimys, B.Br, 191. 
Drosera, Z. 215. 
DROSEBACEiE, 216. 
Drupaceje, 257. 
Dr^obalanops, Geertn, 

Duboiaia, B, Br. 316. 
Duckweed, 397. 
Duguetia, St,-Hil, 200. 
Didse, 448. 

Bumh-cane, 397. 
Durisea, B, Sf Mant 
435. 

Bunan, 221, 222. 
Durmast-Oak, 355. 
Burra, 406. 

Butch MyrUe, 344. 
Dyer's broom, 253. 

JEagh-wood, 264, 336. 
EBKNACEiE, 802. 
Eboe-nut, 253. 

Ebony, 303. 

Ecbalium, Z. C. Bich, 
273. 

Eccremocarpus, B, ^ P, 
322. 


Echinocactus, Link 
Ott 276. 

Ecbinopbora, Z. 279. 
Ecbites, B, Br. 809. 
Ecbimn, Z. 318. 
Ectocarpus, Lyngb. 

460. 

Eddoes, 397. 

Egg-Apple, 317. 
Ehretiacbje, 318. 
ELASAGNACEiB, 336. 
Elaeagnus, Z. 336. 
Elseocarpus, Z. 224. 
Elaeodendron, Jacq. 
245. 

Elaia, Jacq. 391. 
Elapbrium, Jacq. 248. 
Elaterium, Jacq. 273. 
Elaterium, 274. 
Elatinaceje, 229. 
Elatine, Z. 229. 

Elder, 285. 

Elecampam, 292. 
Elemi, 248. 

Eleocharis, B. Br. 401. 
Elephants ears, 274. 
Elettaria, 376. 
Eleusine, 406. 
Eleutberine, 381. 

Elm, 424. 

Elodea, Adaris. 882. 
Elymus, 407. 
Empetrace.®, 340. 
Empetrum, Z. 841. 
Encalypta, Hedw. 432. 
Encepbalartos, Lehm . 
365. 

Endive, 293. 
Endoearpon, Hedw. 
469. 

Endogbns, 187, 367. 
Entada, Z. 252. 
Epacribaceju, 298. 
Epgicris, Sm. 298. 
Eperua, Avihl. 254. 
Epbedra, Z. 863. 
Epilobium, Z. 264. 
Epimedium, Z. 202. 
Epipbylluin, 277. 
Epipogon, 874. 
Equisetaceab, 416. 
Eqiusetum, Z. 417. 
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Eranthis, 198. 

Erica, X. 296. 
EaiCACKiB, 296. 
EmcEiB, 296. 
Ebiocatjlacejb, 399. 
Eriocaulon, X. 399, 
Enogonuni, X. 6. Richj 

EriolsDna, D.C, 223. 
EiiolaBnese, 223. 
Eriophoruin, X. 401. 
Eriostemon, Smith, 

241. 

Erodium, Hirit. 238. 
Erophna, DC. 210. 
Ervum, Tourn. 253. 
Er^gium, Tournef. 

Eryngo, 282. 
Erysimum, X. 211. 
Erysiphe, Hedw.jil. 
460. 

Erythrasa, Em. 308. 
Erythronium, 386. 
Ei^throspermum, Lam, 

Ebythroxylaceje, 

234. 

Erythroxylon, X. 234. 
Escallouia, Mutis, 267. 
Escallonieje, 266. 
Eschscholtzia, Cham, 
207. 

Esenbeckea, H, B. K, 
241. 

Esparto, 407. 

Euastrum, Ehr. 554. 
Eucalyptus, Herit, 

260. 

Eugenia, Michel, 259. 
Euonymus, Tounief, 
246. 

Eupatorium, 293. 
Euphorbia, X. 338. 
Euphorbiace^, 337. 
Euphorhium, 338. 
Euphrasia, X. 326. 
Eurotium, 466. 

Eurya, Thwah. 226. 
Euiyangium, 282. 
Euterpe, 394. 
'EmyWf^Salish, 204. 


Eutassa, 360. « 

Eutoca, jB. Br, 311. 
Evening Primrose, 263. 
Evergreen Oak, 361. 
Everlasting Flowers, 
293. 

Evemia, Ach, 469. 
Exacum, X. 307. 
Excoecaria, X. 339. 
Exooens, 187. 
Exogonium, Chois, 312. 

Faba, 262. 

Fagonia, Tournef, 240. 
Fagopyrum, 330. 
Fagresa, Thunh, 306. 
Fagus, X. 350. 

Fedia, Mocnch, 288. 
Fegatolla, JRadd, 434. 
Fennel, 282. 

Fertis, 419. 

Feronia, Corr. 236. 
Ferraria, X. 381. 
Ferula, X. 280, 282. 
lescue, 405. 

Festuca, X. 404. 
Feuillaea, X. 273, 274. 
Ficoidejej, 269. 

Ficus, Toumef, 342. 
Figs, 34.3. 

Filbert, 351. 

Filtces, 419. 

Fir-trees, 360. 
Flacourtia, Comm. 214. 
Flacoubtiackje, 214. 
F'lag Order, 380. 

Flags, 881. 

Flax, 236. 

Flax, New-Zealand, 

386. 

Flea-seed, 298. 
Flindersia, JB. Br, 234. 
Floerkea, l^r. 239. 
Flowering Plants, 
193. 

Flowbrless Plants, 
408. 

Fodder-grasses, 406. 
Foeniculum, Adans, 

282. 

Fontinalis, X. 432. 
FooVs Pard^, 281. 


Forbesia, EM, 379. 
Forhidden-frwit, 236. 
Forget-me-not, 318. 
Forskohlia, 341. 
Forsk6hlie.s:, 341. 
FothergiUa, X./. 278. 
FOTHERGlLLEiB, 278. 
Fourcroya, Vent, 378. 
Four-6^ clock plant, 330. 
Foxglove, 327. 

Fragaria, X. 257. 
Franco ACE.®, 267. 
Frankenia, X. 217. 
Fbankeniace.®, 217. 
Frankincense, 248. 
Frgnkincense-pim, 360. 
Frasera, Walt, 308. 
Fraxine.®, 306. 
Fraxinella, 241. 
Fraxinus, Toumef, 304. 
Fremontia, Hook. 223. 
Frbmontie®, 223. 
French berries, 246. 
Froycinetia, Gaud. 395. 
Frezia, 227, * 

Fritillaria, X. 386. 
Froq-hit, 382. 

Frullania, Nees, 434. 
Fucacb®, 449. 
Fuchsia, Plum. 264. 
Fucus, X. 460. 

Fumaria, Tournef. 250. 
Fumariace®, ^7. 
Fumitory, 208. 

Funaria, Hedw, 432. 
F'undunji, 406. 

Fungi, 411, 466. 
Fungus melitensis, 364. 
Funkia, Spr, 386. 
Fusanua, 863. 

Fustic, 247, 343. 

Ga^ea, 386. 

Gaimardia, GtmdiM 
399. 

Gcdangede-root, 376. 
Galanthus, X. 378. 
Gaihanum^ 282. 
Galipea, AM, 242. 
Galium, X. 287. 
Gama-grass, 406. 
Oamhe«t, 287. 
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Oamhogey 227. 
Gamopbtax^b. 284. 
Qarcinm , Z, 227. 
Gardenia, BJL 288. 
Qard^n^Bat^Hiwm. 
239. 

Gca^Uc, 386. 

Garlic Fear, 213. 
GABBYACBiB, 351. 
Gastebomycetes, 

404. 

Gaudichaudia, 233. 
Gaultheria, L. 297. 
Geissoloma, Lindl. 340. 
Gelsenium, X. 306. 
Geniostoma, 306. 
Genipa, 287. 

Genista, X. 253. 
Gentian^ 308. 

Gentiana, X. 307. 
Gbntianace^, 307. 
Gentianella^ 308. 
Geocalyx, Nees^ 434. 
Geotfroya, Jacq. 253. 
Geoglossum, Pm. 466. 
GKBANIACEiE, 237. 
Geranium, Ildrit. 238. 
Gesnera, 324. 
Gesnebaceas, 324. 
GKSNEBE.aR, 324. 
OlLLIESIACEiE, 388. 
Ginger f 375. 
Ginger-^grassj 406. 
Gimeng^ 283. 
Gladiolus, ^’owrn^. 
381. 

Glass-wort, 331. 
Glaucium, Tournef. 
205. 

Glaux, Tournef. 800. 
Gleditscliia, X. 254. 
Gleichenia, Smith, 419. 
Geeichenieje, 419. 
Globe Amaranius, 331. 
Globularia, X. 322. 
Gloriosa, 386. 

Gloxinia, Kerit. 324. 
GLTIMIFLOBiE, 398. 
Glyeeria, R. Br, 311. 
GlycyMbiza, X. 253. 
Glyj^sea, Mook.f. 225, 
GnaphaUum, 294. 


G3TOTACEiB, 862. 
Gnetum, X. 863. 
Goaf^-heard, 293, 
Goldrihread, 198. 
Gomme d Acajou, 247. 
Gomphocarpus, 310. 
Gompholobium, 253. 
Gompbrena, X. 330. 
Gonium, Lam. 455. 
Goodeniace.®, 204. 
Googal, 248. 
Gooseberry, 277. 
Gordonia, JEll. 220. 
GoBDONIEiE, 226. 
Gossypium, X. 221. 
Gouania, Jacq. 246. 
Gourds, 274. 
Grabowskia, Schlecht. 
316. 

Grains of Paradise, 
370. 

Gn-AMINACEiE, 402. 
Granadilla, 271. 
Grape, 244. 

Grape, Seaside, 330, 
Grasses, 402. 
Grass-cloth, 342. 
Gh*as8-tree, 386. 
Gratiola, B. Br. 326. 
Greek Valerian, 311. 
Green-heart, 333. 
Green Laver, 453. 
Grevillea, B. Br. 336. 
Grewia, Jttss. 224. 
Griffitbeia, Agh. 447. 
Grimmia, Ehrh. 432. 
Grislea, X. 265. 
Gronovia, X. 275. 
Gbossueaceae, 277. 
Ground-Ivy, 328. 
Ground-nut, 253. 
Guaiacum, 240. 
Guaiacum, Plum. 240. 
Guarana bread, 230. 
Guarea, X. 237. 
Guava, 260. 

Guelder Hose, 285. 
Guepinia, 462. 
Guettarda, Vent. 287. 
Guimauve, 222. 
Gutancha, 201. 
Gulf-weed, 450. 


Gum Acacia, 254 
Gum Anime, 225. 
Gum Arabic, 254. 
Gum Dammar, 861. • 
Gum Dragon, 253. 
Gum Lac, 253, 389. 
Gummi gutta, 229; 
Gum Senegal, 254. 
Gum-trees, 260. 
Gunnera, X. 282. 
Gustavia, X. 260. 
Gutta Percha, 302. 
GUTTIFERiB, 227. 
Gymnema, 311. 
Gymnoascus, 466. 
Gymnocarpea, 11. Br. 
270. 

Gymnogens, 187. 
Gyninogramme, Desr. 
419. 

Gymnospermia, 356. 
Gynandropsis, D C. 
216. 

Gynerium, XT. B. K. 
406. 

Gypsopbila, 220. 
Gyrinopsis, Gcertn. 
336. 

6ybocabpe.?e, 262. 
Gyro carpus, Jacq. 

262. 

GYBOSTEMONEiE, 332. 

Hsemantbus, 379. 
Heematoxylon, X. 

254. 

II^modobaceje, 370. 
Hsemodorum, Sm. 

380. 

Ilair-hells, 295. 

Ilakea, Schrad. 336. 
Halesia, Ellis, 304. 
Ilalidrys, Lyngb. 449. 
IIALOBAGACE 32 , 264. 
Haloragis, Fcn'st. 264. 
Hamameleje, 278. 

IlAMAMELIBACBiB, 

277. 

Hamamelis, X. 278. 
Hancornia, Gom. 309. 
Hand-plant, 224. 
HABLOZYGIiB, 279, 
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HaricotB, 252. 
Sawthorny 258. 

Hazel j 851. 

Heatt^a-eaae, 217. 
Heathy 297. 

Hedeoma, Pet's, 820. 
Hedera, L. 282. 
Iledwigia, Hooh. 248, 
Iledychium, Kwnigy 
875. 

Iledyosnvum, Schwartz, 
847. 

Iledyotis, Lam. 294. 
lledysareee, 252. 
Heliampliora, Bentk, 
205. 

. Ilelianthemiim, Tour- 
nef. 214. 

Helianthus, L. 293. 
Helichrysum, 294. 
Helicoriia, L, 877. 
Helicteres, L. 228. 
Heliotrope, 318. 
HeUehot'e, White, 887. 
HKLLEBOREiB, 196. 
Helleborua, Adam. 

196. 

Helminthochorton, 

448. 

Helosia, Pick. 358. 
HelveUa, L. 465. 
Ilelwingia, Willd. 

282. 

Hemerocallis, 885. 
Hemidesmus, JR. Br. 
811. 

Ilemistemma, Commers. 
198, 

Hemlock, 281. 

Hemlock Dropwort, 

281. 

Hemlock Sprme, 860. 
Hemp, 842. 

Hemp, African, 886. 
Hemp, Indian, 842. 
Hemp, ManiUa, 378. 
HerJoane, 315, 

Hennah, 264. 
IIepaticjb, 483. 
lieradeum, X. 280. 
Heritiera, 228. 
Hennannia, X. 228. 


IlEBMANNIEiB, 223. 
Hemandia, Plum. 

885. 

HeteBria, Endl. 388. 
HbTEBOSC I ADEiE, 

279. 

IIetebospoiiia, 424. 
Ileucliera, 267. 

Ilevea, 389. 

Ilibbertia, Andr. 198. 
Hibisceje, 221. 
Hibiscus, X. 221. 
Hickory, 850. 
Ilierochloe, 40(>. 
Ilillebraudia, 274. 
Ilimantbalia, Lyngh. 
449. 

Ill PPOCASTANEiE, 

280. 

IIlPPOCBATEACE.®, 

245. 

Hippomane, X. 388. 
Ilippophae, X. 886. 
llippuris, X. 264. 
llirasa, Jacq. 288. 
Hog-gum, 247. 
Hog-plum, 247. 
Ilollboellia, WaU.202. 
Hollg, 308. 

Holtyhock, 222. 

Holm Oak, 351. 
Homaliacejg, 275. 
Homalium, Jacq. 275. 
Ilonckenya, Ehr. 225. 
Honexf-locvet, 254. 
Honeysuckle, 286. 
Xro;7,342. 

Ilordeum, X. 404. 
Horehoumd, 821. 
Hornbeam, 351. 
Horse-cheknut, 230. 
Hoft'se^adish, 212. 
Horse-sugw', 304. 
Horse-tails, 417. 
Ilorsfieldia, 280. 
Hottentots 270. 
Hottonia, L. 800. 
Homeleeh, 268. 
Hovenia, Thumb. 246. 
Hoya, E. Br. 310. 
HvmniAq&M, 304. 
Humulus, X. 842. 


Hundred-yeart Plant, 
87Q. 

Huon Pine, 360. 

Hura, X. 338. 

Hyacinth, 385. 
Hyacintbus, X. 384. 
Ilyalostemma, Wall. 
334. 

Hydnocarpus, Geertn. 
270. 

Hydnora, 354. 
Hydnuni, X. 462. 
Hydrangea, X. 267. 
Hydrastis, X. 198. 
llydrocera, Blum. 

238. 

Hydbochaeidaceje, 

382. 

TTydrocharis, X. 382. 
Hydrocotyle, Tournef. 
278, 279. 

Ilydrodictyon, jRoif//, 
452. 

ITydrolea, ThouarSy^W. 
IJydropeltis, Itich^Otk. 
HYDBOPHYLLACEiE, 
311. 

Hvdrostacbys, Pet.-Th, 
349. 

Hymenfea, X. 254. 
Hymenogaster, 464. 
Hymen OMYCETEs, 

462. 

IlYMENOPHYLLKiE, 

419. 

Hymen ophyllum, Sm. 
419. 

Hyoscyamus, Tournef. 
314. 

Hypecoum, Tournef. 
207, 208. 

IlyPBBICACEJE, 228. 
Hypericum, X. 228. 
Hj^hesne, 394. 
Hypnum, X. 432. 
Hypodemii, 459, 
Hypoxidacbjb, 379. 
Hypoads, X. 379. 
Hyssopus, X. 820. 

Iberis, X. 210, 

ICACINAGBiB, 804. 
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Iceland Moes, 470. 
Idea, Aubl 248. 
Ignatia, S07. 
llax, X. 303. 
Ilioagejb, 303. 
iLLECEBBACEiE, 268. 
lllecebrom, Oicrtn.f, 
268. 

llliduiQ, X. 199. 
Iliigera, JBl, 202. 
Immof^elksy^QS, 
Impatienfl, i. 238. 
Incompletjb, 328. 
Indian Copal^ 226. 
Indian Corny 406. 
Indian 0*m, 239. 
Indian Fige, 276. 
Indian Shot, 377. 
Indigo, 253. 
Indigofera, X. 252. 
Inga, WiUd. 251. 

^ Inocarpus, 336. 

Inula, Gise^'tn. 292. 
lodeSj Blume, 343. 
lonidium, 217. 

* ,234. 

Ipecacuan, 287. 
Ipecacuan^ hlack, 2S7» 
Ipecacuan, white, 

287. 

Ipomcea, X. 312. 
Ikidace^, 880. 
Iridsea, 448. 

Iris, X. 381. 

Irieh Mo%9^ 448. 
Isatis, X. 212. 
IsOETEJE, 425. 
Isoetes, X. 425. 
Isolepis, iJ. Br. 400. 
Xs0D8itidrsi^ 

302. 

ISOSPOBIA, 416. 
Isotoma, 294. 
Ispaghula seed$, 298. 
Istlimia, Agh, 434. 
Itctka^wood, 263. 
Ivory, Vegetable, 394. 
Ivy, 283. 

Ivy, Qromd, 321. 
Iwaranmea, 406. 

L:m. 

Z. 288. 


Jacaranda, dues, 322. 
Jacobis Ladder, 811. 
Jedap, 212. 

Jambiosa, Bumph. 

269. 

Jaaione, X. 295. 
Jasmin ACE.®, 306. 
Jasminum, X. 305. 
Jateorrhiza, Miers, 
201 . 

Jatropba, Kth. 338. 
Jeffersonia, Bart, 202. 
Jerusalem Artickohes, 
293. 

Job's Tears, 406. 
Jubcea, 394. 
JxjGLANDACEJE, 349. 
Juglans, X. 350. 
Jujtdte, 246. 
JUNCACEiB, 398. 
JUNCAGINEAS, 389. 

J uncus, DC, 399. 
Jungermannia, Dill, 
433. 

JlTN GERMANN I ACEJB, 

433. 

Juniper, 360. 
Juniperus, X. 358, 
Justicia, X. 322. 

Jtde, 224. 

Kadsura, Juss, 202. 
Kalmia, 297. 

Kamala, 339. 
Kangaroo^grass, 406. 
Kat, 245, 

Kava, 348. 

Kelp, 450. 

Kennes Oak, 351. 
Kielmeyera, Mart, 
226. 

Kingia, B, Br, 399. 
Kino, 253. 

Kim), Botar^ Bay, 
260. 

Kobresia, WiUd, 401. 
Koelreuteria, Lam, 
230. 

Kohlrabi, 212. 

Kofmo, 258. 

Krameria, Loeffl, 232. 
Kumquat, 235. 


LaDiatje!, 319. 
LABIAT.aBFLOILS:, 291. 
Laburnum, 263. 
LaceJnerk, 836. 
Laebnanthes, EUiott, 
380. 

Lads, Idndl, 349. 
Lacistbmacei®, 340. 
Lactuca, X. 293. 
Ladanum, 214. 
Lagenaria, Ser, 274. 
Lagerstreemia, X. 265. 
Lagetta, Juss, 335. 
Lamb's Lettuce, 288. 
Laminaria, Lamx, 

449. 

Lamium, X. 320. 
Lamgrocaulos, Mast, 

Lance^wood, 200. 
Landolphia, Palis, 809. 
Langsat, 234. 
Lansium, Bumph, 

234. 

Lantana, X. 321. 
Lapageria, B, ^ Pav, 
383. 

Larch, 360. 
Lardizabala, Bviz 
Pav, 202. 

Lardizabalacea?, 

201 . 

Larix, 360. 

Larkspw*, 198. 

Larrea, Cav, 240. 
Lasiopetalum, 8ims, 
223. 

Lastrasa, Presl, 419. 
Lathraea, X.’ 324. 
Latbyrus, X. 253. 
Laurace.®, 832. 
Laurel, 333. 

Laurel, Cherry--, 268. 
Laurel, Cuba," 283. 
Laurel, Portugal, 258. 
Laurel, Spurge-’, 335. 
Laurelia, 334. 
Laurencia, Lamx, 447. 
LAITBBNCIEiB, 447. 
Laurustinus, ^5. 
Laurus, Toumef, 333. 
LaTandula, X. 320. 
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Lavender^ 321. 

Laver ^ 4^. 

Lawsoma, X. 265. 
Leatliesia, Ch'oy^ 450. 
Lecanora, Achar, 470. 
Lechea, 214. 

Lecidea, Ach, 409. 
Lbcythibacbje, 200. 
Lecythifi, Lwffi, 260. 
Ledum, L, 297. 

Leekf 386. 

LegnotidesB, 262. 
Lbguminos.*!, 248. 
Lemna, X. 397. 
Lemnacb.^:, 897. 
LemoUf 235. 
Lemon^grass, 406. 
Levmn-plantf 235. 

LENTIBUI.AIlIACE.ffl, 

328. 

Lentih, 253. 

Leontodon, X. 293. 
Leopoldinia, Mart, 

394. 

Lepidium, JS. Br, 212. 
Lepidostachye, WaU, 
340. 

Leptonychia, 223. 
Leptospebme.®, 259. 
Lepturus, B. Br, 404. 
Lepyrodia, B. Br, 400. 
Leschenaultia, B. Br, 
294. 

Lettuce^ 293. 

Leucojum, X. 379. 
Lewisia, Pursh, 260. 
Lichenbs, 413, 468. 
Lignum coluhrinum, 
307. 

Lignum Bhodiumy 248. 
Lignum^t<By 240. 
Ligulipuobjb, 291. 
Ligustrmn, Toumef. 
305. 

Lilac, 305. 

LiLiACRffl, 384. 

LiUee, 385. 

Lilium, X. 384. 

X% of the Fidde, 

379. 

Lihf of the VaUey, 886. 
Lime, 285. 


Idme or Linden, 224. 
LiMNANTHACBiB, 239. 
Limnanthemum, 308. 
Limnanthes, B, Br, 

239. 

Limnocharis, H, ^ B, 
389. 

Linaceab, 236. 

Linaria, Tm nef, 326. 
Linseed, 236. 

Linum, X. 236. 
Liquidambar, X. 278. 
Liquorice, 253. 
Liriodendron, X. 199. 
Lissanthe, B, Br, 298. 
Litchi, 231. 
Lithospermum, L. 

318. 

Litmus, 470. 

Littorella, X. 298. 
lAver-worts, 4il4. 

Loasa, Adans, 275. 
Loasace^, 275. 
Lobelia, X. 204. 
Lobeliace.®, 204. 
LocfusUtrees, 253. 
Lodoicea, Lahill, 301. 
Logania, B. Br, 306. 
LOGANIACKiE, 306. 
Log-wood, 254. 

Lolium, L. 404. 
Longan, 231. 

Long Pepper, 348. 
Lonicera, Desf, 285. 
Lophiola, 385. 

Lophii’a, Banks, 225. 
Lobanthaceas, 352. 
Loranthus, X. 352. 
Lotus, X. 250. 

Lotus, ancient, 204, 233, 
246. 

Loudonia, Lindl. 264. 
Love-Ues-bheding, 331. 
Lucern, 

Luffa, Toumef, 27 A. 
Luhea, Wm. 224. 
Lupines, 258. 

Lupinus, X. 250. 
Luzula, DC, 399. 
Lychnothaomus, 444. 
Lychnis, X. 219. 
Lycium, 208* 


Lj^^erdon, Toumef. 

Lycogala, Michdi, 471. 
JLycopersicum, 317. 
LYCOPODIACBiB, 428. 
Lycopodium, X. 423. 
Lygeum, 407. 
Lygodium, ^artz, 420. 
Lysimachia, Mcench, 
300. 

LYTHBACEAt, 264. 
Lythrum, X. 265. 

Macadamia, B M, 337. 
Mace, 334. 

Machserium, 253. . 
Madura, 343. 
Macropiper, Miq, SAT. 
Macrozamia, Miq. 365. 
Madagascar Poisonmud, 
300. 

Madder, 287. 

Madia, 293. 

Meerua, 213. 

Magnolia, X. 199, 
MAGNOLIACEif}, 199. 
Magnolieas, 199. 
Maguey-plants, 379, 
Mahogany, 234. 
Malionia, Nutt. 203. 

M ALESHEBBI ACE2B, 

271. 

Mallotus, Lour. 839. 
Mallow, 222. 

Malope, X. 222. 
Malpighia, Plrnn. 2.33. 
MALPlGHIACEiE, 233. 
Malva, X. 221. 
Mauvace.®, 220. 
Malvaviscus, 222, 
Malve.®, 221. 
Mamillaria, Maw, 276. 
Mamnrn apple, 228. 
MawMne^, 8^. 
Mamhmeel. hastxurd, 
309. ' 

Mandragora, Tmtam, 
814. 

Mandioc, 340. 
Mandrake, 316. 
Mangifera, X. 247. 
Mango, 2A7, 
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Mmg<M*vMnel, 831. 
Mango$l€en, 228. 
Mangrove, WTiUe, 321. 
Mangrove, 262. 

Manilla Semp^ 878. 
jlfanna, 218, 258, 805. 
Manna of Mount SinaL 
218. 

Mapk»f 281. 

Maranta, Phm. 876. 
MARANTAOEifi, 876. 
Marattia, Sm. 420. 
Marattib-®, 420. 
Marcgraavia, L. 226. 
MARCGRAAVIEiE, 226. 
Marchantia, March. 
434. 

MABCHANTIACEiB, 484. 
Margom^f 234. 

Mcsngoldy 293. 

Mariflcus, Vahly 401. 
Marjoraniy 321. 
Marking-nuty 247. 
Marloa, Roxh. 263. 
Marmalade, 236, 802. 
Marrubium, L, *320, 
Marsdenia, JR. Br. 811, 
Mareh^aUow, 222 . 
Mareilea, L. 427. 
Marsileacbje, 427. 
Martynia, Z. 3^3. 
Maruta, Coes. 292. 
Marvel of Peru, 330. 
Mastio, 247. 

Mat4, 803,^. 

Matioo, 203, 348. 
Matricaria, Z. 292. 
Mattbiola, JR. Br. 

212 . 

Maurandia, 827. 
Maiiriila, 394. 
Mayacb-®, 888. 

Meadow Saff^'on, 387. 
Meconella, 207. 
Meconopsis, Vig. 207. 
Medeola, Oronov. 884. 
Medic, 252. 

Medmilla, Gaudich. 

26a 

JbMI«r^258, 

JD.C. 206, 


Megaclinium, Lindl. 
87-2. 

Melaleuca, Z. 259. 
Melambo bark, 276. 
Melampjrum, Z. 327, 
Melanorrhea, Wall. 
257. 

Melanthacejb, 85. 
Melanthium, Z. 385. 
Melastoma, Z. 268. 
MELASTOMACBAi!, 268. 
Melhania, Pbrsk. 223. 
Melia, Z. 287. 
Meliaceje, 237. 
Meliantbus, Z. 240. 
Melicocca, 281. 
Melilotus, 252. 
Meliosma, Rndl. 230, 
Meliosme^, 280. 
Melobesia, Lamx, 447. 
Melon, 274. 

Melosira, Agh. 454. 
Menispermace-®, 

201 . 

M^ispermum, Toumef, 

Mentha, Z. 320, 
Montzelia, Z. 275. 
Menyanthes, Z. .308. 
Mercurialis, Z. 388. 
Mercury, English. 

881. 

Mertensia, M. B. K. 
344. 

Mortensia, WUld. 419. 
Mebembryantha- 
CE.®, 269. 

Meeembryanthemura, 
Z. 269. 

Metrosideros, JR. Br, 
259. 

Mespilus, 258. 
Metaspebms, 357. 
Metroxj^lon, 894. 
Metzgeria, Radd, 434. 
Meaereon,886. 

Mezieria, Gaud. 275. 
Michelia, Z, 199. 
Miconia, JDC 26.3. 
Microeachrye, 360. 
Microcoleus, Desmaz. 
464. 


Miersifl^, Lindl, 888. 
Mxgimmebte, 213. 
MUkHmrUy 281. 
Mdlets, 405. 

Mimosa, Z. 251. 
Mimosejb, 261. 
Mimulus, Z. 327. 
Mimusops, Z. ^2. 
Mml, 820, 

Mirabilis, Z. 830. 
Mistletoe, 852. 
Mitrasacme, LahiU. 806. 
MUcha^-mitcho, 237. 
Mitreola, Z. 306. 
Moch-Orangey 267. 
Modecca, Z. 270. 
Molettgine^b, 268. 
MoUugo, Z. 268. 
Momordica, Z. 273. 
Monacanthus, 37^ 
Monarda, 321. 
Monimiacbje, 200. 
Monkey-Dapple, 228. 
Monkey-pot trees, 261. 
Monkshood, 197. 
Monnina, Ruiz 8c Pav. 
2.32. 

Mon OCHLAMYDEiE, 

329. 

Monocotyibdones, 

307. 

Monodora, Dun. 200. 
Monotaxi8,Zro7?^». 3.38. 
Monotropa, Nutt. 297. 
MoNOTBOPEiE, 297, 
Monsonia, Z. 238. 
Montia, Michel. 269. 
Moon-seed, 201 . 
Morchella, DiU, 465. 
MoreUs, 406. 
Moreton-hay Pine, 

360. 

Moiinda, TcjU 238. 
MOBlNGACEiB, 266. 
Morisia, 212. 
Moponobea, AtM. 227. 
Moms, Toumef , 342. 
Jtfeeses, 431. 

Mountain Ash, 258. 
Mouriria, 263. 
Moutabea. 232. 
Moxa, 292. 
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Mucor, Mioh. 458. 
Mucobini, 458, 
Mucuna, Adam, 258. 
Mudaty 310. 

Mulberry y 343. 
Mulinum, Pers, 278. 
MuUmty 328. 

Mundita, Kunth, 232. 
Munjeethy 287. 

Musa^ Toumef, 377. 
Musaceje, 377. 
Muscari, Toumef, 380. 
Musci, 431. 

MusciNEiE, 428. 
Mushroom, 402. 
Musk^planty 327. 
Mustard, 212. 
Mustardftree, 300. 
Mutisia, L,Jih 291. 
Myanthus, Lindl, 373. 
Myoporum, Bks, ^ Sol, 
321. 

Myosotis, L. 318. 
Myrica, X. 344. 
Myricaceas, 344. 
Myricaria, Desv. 218. 
Myrionema, Grev, 

450. 

MyriophyUum, Vaill, 
204. 

Myriotrichia, Harv, 
450. 

Myristica, X. 334. 
Myristicacea!, 334. 
Myrohatariy 262. 
Myroxylon, Mut, 254. 
Myrrh, 248. 
Myiisinace;e, 301. 
Myrsine, X, 301. 
Myrtace^, 259, 
Mybtb^, 259. 

Myrtle, 259. 

Myrtus, Toumef, 

269. 

Myxomycetes, 470. 
Myzodendron, Sol, 

352. 

Naiadaceae, 389. 
Naias, Willd. S89, 
Napoleona, Pal, 267. 
Nabcisseae, 378. 


Narcissus, X. 878. 
Nardostachys, DC, 288. 
Narthecium, Mcehr, 
399. 

Narthex, Xljfc. 282. 
Nasturtium, i2. Br, 

212 . 

Natchnee, 406. 
Navicula, Bory, 464. 
Nectandra, Rottl. 333. 
Nectarine, 258. 

Nectria, Fries, 468. 
Neem-tree, 234. 
Negundo, Mcench, 231. 
Nelumbiaceab, 204. 
Nelumbium, Jtm, 

204. 

Nemophila, Bartl, 

311. 

Neottia, X. 376. 

Nepal Barley, 405. 
Nepenthaoe^, 336. 
Nepenthes, X. 33»5. 
Nephelium, X. 231. 
Nerium, X. 308. 

Neroli, 230. 

NetUe Order, 341. 
Nettle, Stinging, 342, 
Nettle-tree, *344. 
Neurada, X. 257. 
Neuradeas, 257. 

New- Jersey Tea, 240. 
New-Zealand Flax', 

386. 

Nicotiana, Toumef, 

Nidularia, Fries, 464. 
Nigella, Toumef. 196, 
Nightshade, 31 6. 

Nipa, Rumph. 395, 
Nitella, Ag, 444. 
Nitraria, X. 233. 
Nolana, X. 317. 
Nolan ACEiE, 317. 
Nopal->dant, 277. 
Norfolknisland Pine, 

Nostoc, Vamh. 462, 
Nullipores, 448. 
Nupnar, Smith, 204, 
Nid-galUy 351. 
Nuimeg, 834, 


Nutmegs, BrauLian, 

333. 

Nuytsia, R, Br. 362. 
Nux-vomica, 306. 
Nyctaginaceab, 330. 
Nyctanthes, Juss. 306. 
Nymphsea, Neck. 203. 
Nymphasaceaj, 203, 
Nyssa, 6rroii,263. 

Oak trees, 360. 

Oats, 405. 

Obolaiia, X. 308. 
OCHNACEJE, 242. 
OSDoaoNiEiB, 453. 
CEdogonium, Link, 

462. 

(Enanthe, Lam. 280. 
(Enothera, X. 204. 

Oil of Ben, 256, 

Oil of Bergamot, 236, 
Oil of Spike, 320. 

Oil of Palms, 394. 
Olacacba), 304. 
Old-marCs heard, 382. 
Oldenlandia, P.Br. 287. 
Oldfieldia, Benth. 340. 
Olea, Timrnef, 306. 
Olbacka?, 304. 

Olkas, JK)4. 

Oleander, 309. 
Olihanum, 248. 
Oligomeris, Carnhass. 
213, 

Olive, 305. 

Olive Seaweeds, 448, 
Omphalobium, Geertn. 
248. 

Onagbaceas, 263. 
Oncoba, Forsk, 214# 
Onion, 380. 
Onobrychis, Tournef, 
252. 

Onopordum, X, 294. 
Ope^apha, Pers. 469. 
Opercularia, A, Rich, 
267. 

Ophiocaryon, Schomb, 
230. 

OpmOGLOSSEAEC, 420. 
Opbioglossum, X. 

421. 
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Ophiopogotx, Ait, 885. 
Ophrys, Sicz. 371. 
C^um Poppy ^ 207, 
Opoponax, -KbcA, 282. 
Opuiitia, T&wrmf. 276, 

Orange^ 236. 
OBCMiBAqE.®, 860. 
OrcMdSf 360. 

Orchil, 470. 

Orchis, X. 371. 
Oreodaphne, Nees, 333. 
Origjanum, X. 320. 
Ornithogalum, X. 380. 
Ornithopus, X. 260. 
Ornus, P«'«. 306. 
OBOBANCHACEip, 324. 
Orobanche, X. 324. 
OBONTIACEiE, 396. 
Orontium, X. 396, 
QjTis-root, 381. 
Orthanthera, Wight, 
311. 

Oryza, X. 404. 

Orunge, 343. 
Oscillatoria, Bo%o, 

464. 

OsCIIil-ATOBIACEiB, 

453. 

Osiers, 346, 

Osmunda, X. 420. 
OSMUNPB.®, 420. 
Ojitrya, Scop. 361. 
Osyris, X. 363. 

Otto of Mottos, 268, 
Ouvirandra, Tkouars, 
390. 

OXALIBACEJE, 237. 
Oxalis, X. 237. 

Oxleya, A. Cimn. 236. 
Oxlip, 301. 

Oj^^cus, Tow'nef. 

Oyster^y Fine, 361. 

Padma, Adam. 449. 
PfiBonia, Tournef. 196. 
196. 

Fcdmandre, 253. 
Paliitrus, Tovrnef. 246. 
Paemaoeas, 391. 

^ PalxBeUa, Agh. 462. 


Falm$} 89h 
Faim^a-wood, 894. 
Fampas-grose, 406. 
Panax, X. 282. 
Pancratium, X. 378. 
PANDANACEiB, 394. 
PANDANEiE, 395. 
Pandanus, L. fil. 396. 
Pandorina, Ehrevib. 
466. 

Pangiaceje, 270. 
Pangium, Itknw. 270. 
PANICEJE, 403. 

. Panicum, Jj. 403. 
Famy, 217. 

Papaver, Tournef. 205. 
PAPAVEBACB.E, "205. 
Fapaw, 270 . 
Papayace.®, 270. 
Papayrola, Auhl. 216. 
Faper-Mulheny, 343, 
Papilionacb®!, 250. 
Pappea, E. Z. 231. 
Papyrus, WiUA 401. 
Faraway Tea, 303. 
Fareira h'ava, 201. 
Pabietales, 209. 
Parietaria, Tournef. 
341. 

Pabietabie®, 341. 
Paris, X. 384. 

Parkeria, Hook, 419. 
Pabkkbib®, 417. 
Parlda, X. 251. 
Parmelia, JF>\ 409. 
Parmentiera, DC. 828. 
Parnassia, X. 228. 
Paronychia, Juss. 210. 
Pabonychiacb®, 268. 
Pabonychib®, 268. 
Paropsia, Nor. 271. 
Parrotia, C. A, Mey. 
278. 

Fardey, 282. 

Farsnep, 282. 

Fartridge canes, 394. 
Paspalum, X. 4(te. 
Passiflora, Jms. 2^0. 
Passiflobace®, 270. 
Famourfiowers, 271. 
FatchouU, 821. 
Patellari^, Fries, 465, . 


Paulliaia, Z. 230. 
Pavia, Boerh. 230, 
Pavoni^, Cav. 221. 
Feach, 258. 

Feach, Sierra Leone, 
287. 

Fear, 258. 

Feas, 253. 
Pedaliace®, 323. 
Pediastrum, Meyen, 
454 

Pedicularis, X. 328. 
Peganum, X. 240, 241. 
Pelargonium, H^t. 
238. 

Pehosanthes, 385. 
Fellitory of Spain, 292. 
PensBa, X. 340. 

Pen® ace®, 340. 
Penicillaria, Kunth,4^}8. 
Penicilliumj Lk. 407. 
Fenny-royal, 320. 
Pentaptera, Eoxh. 

262. 

Penthorum, X, 267. 
Pentstemon, HSrit. 

327. 

Peperomia, E. & F. 

’ 84a 

Peplis, X. 266. 

Fepper, 347. 
Fepper-dulse, 448. 
Feppermint, 320. 
Feppers, 347. 
Peranospora, De X.457. 
Pereskia, Flum. 276. 
Periploca, X. 318. 
Persea, Nees, 363. 
Fersimmon, 303. 
Petaloidb®, 368. 
Petivebie®, 332. 
Petroselinum, Hoffm. 
282. 

Petunia, Juss. 314. 
Peucedauum, X. 282. 
Peziza, DiU. 465. 
Phaca, X. 252. 
Phacibib®, 466. 
pH®aspoBS®, 450. 
Phalabide®, 403. 
l^alaris, X. 403. 
Phallus, X. 464. 
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PHANKBOaAMIA, 193. 
Pharbitis, Chois. 312. 
Phascum, L. 432. 
Phaseolus, X. 250, 252. 
Philadblphe^, 266. 
Philadelpbiis, L. 267. 
PHILESIACEiEJ, 383. 
Pbillyrea, Tournef. 305. 
Philodendron, Schott. 
897. 

PHILYDBACEiE, 388. 
Phleum, L. 406. 
Phlomis, L. 320, 

Plilox, L, 311. 

Phoenix, L. 391. 
Phormium, Forst. 386. 
Phragmites, L. 406. 
Phryma, X. 321. 
Phycomycetea, 455. 
Phyllanthus, X. 338. 
Phyllocactus, Link^ 
277. 

Phyllocladus,X. C.Fich, 
361. 

Pl^loglossum, KunzCf 

Phyllophora, Orev. 447. 
Phy sails, X. 314. 
Physarum, Pers. 470. 
Phy socaly mna,i) C. 265 . 
Phvsostemon, Mart. 
212 . 

Physostigma, 253. 
Phytelephas, JK. <S* 

Phyteuma, X. 295. 
Phytocrenaceje, 343. 
Phytocrene, Wail. 343. 
Phyi'olaccace^, 332. 
Phy tophthora, De Bary^ 
457. 

Piassahay 394. 

Picrsena, Fndl. 242. 
Picrasma, Bhimcy 242. 
Pigeon-Peas, 243. 

Pilea, IMl. 341. 
Pilobolus, Tod^y 458. 
Pilostyles, QvM. 356. 
Pilnlaria, X. 427. 
Pimelea, Banks ^ Sol, 

m. 

Pimento^ 260. 


Pimpinella, DC, 282. 
PiNACEiB, 858. 
Pinckneya, Rich, 287. 
Pine-appUy 382. 

IHney Dammar, 225. 
Pin^uicula, Tournef, 

Pinks, 219. 

Pinus, X. 358. 

Piper, X. 848. 
PlPERACEiB, 347. 
Piriqueta, Auhl. 271. 
Piscidia, X. 253. 
Pisonia, Plum. 330. 
Pistachio^ut, 247. 
Piatacia, X. 247. 

Pistia, X. 397. 

Pisum, X. 260. 
Pitorihi'eady 379. 
Pitcairnia, H4rit. 381. 
Htchy 361. 
Pitcher-plants, 205, 

335. 

PiTTOSPOBACE.®, 243. 
Pittosporum, Soland, 
243. 

Pitury, 316. 
Plagiochasma, Lehm. 
434. 

Plaoiospebme.®, 273. 
Plane, ;i44. 

Planera, Gmel, 344, 
Plantaoinace-®, 298. 
Plantago, X. 298. 
Plantain, 377. 
Platanacb®, 344. 
Platanus, X. 344. 
Platystemon, Benth, 
207. 

Platytheca, Steetz, 233. 
Pleurandra, LahiU. 198. 
Plocamium, Orev. 447. 
Plocaria, Nees, 447» 
Plum, 258. 

Plumbaoinacb®, 299. 
Plumbago, Tourn, 299. 
Plume-^tmegs, 334, 
Poa, X. 406. 

POACE®, 406. 
Podocarpus, DJB.4r, 
361. 

Podophyllum, X. 202. 


POBOSTEMACBJE, 349. 
Poison-Blder, 247. 
Poison-nut, 309. 
PoisonrOak, 247. 
Polanisia, Raf. 212. 
POLEMONIACE®, 311. 
Polemonium, Tournef. 
311. 

Polyanthes, Gled. 386. 
Polyanthus, 301. 
Polyblastia, Massed. 469 . 
Polycarpon, La0. 268. 
Polygala, X. 232. 
PoLYGALAOEAS, 231. 
POLYGONAOEJS, 329. 
Polj^gonum, X. 329. 
PoLYPBTAL®, 193, 
POLYPODIB.®, 410. 
Polypodium, X. 419. 
Polypork®!, 462. 
Polyporus, Mich. 462, 
Polysiphonia, Orev. 
447. 

Polytrichum, X. 432. 
Pome®, 257. 
Pomegranate, 259, 271. 
Pompelmoose, 235. 
Ponukoeeds, 389. 
Pontedeback®, 387. 
Poplars, 346. 

Poppy, 206. 

Populus, X. 346. 
Porcupine-wood, 394. 
Porphyra, Agk. 447. 
POBPHYBE®, 447. 
Portulaca, Towrnef 
269. 

Pobtulacace®, 269. 
Potalia, Auhl. 306. 
Potamogeton, X. 389. 
Potato, 316. 
Potato-fungus, 458, 
PotentiUa, X. 257. 
POTENTILLID®, 257. 
Poterium, X. 257. 
Pothos, X. 896. 

Prickly Ash, 241. 
Prickly Pear, 277. 
Primrose, 301. 
IMtuula, X. 300. 
Pbihulace®, 299. 
Princess Feathers^ 33L 
3a2 
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Prinos, X. 303. 

I^rintzia, Cass. 298. 
Privet, 305. 
Pbocbibbas, 341. 
l^osopis, X. 251, 255. 
Protea, X. 336, 
PBOTBACEiE, 336. 
Pbotophyta, ] 86. 
Prunella, X. 320. 
Prunus, X. 257, 
Psidium, X. 259. 
Psilotmn, 8w, 424. 
Psychotria, X. 287. 
Ptolea, X. 241. 

Pteris, X. 419. 
Pterisantlies, Blum. 
243. 

Pterocarpus, X. 253. 
Pterospora, Nutt. 297. 
l*iiccinia, 400. 
Puccoon, 207. 

Pueraria, X)C. 253. 
Puff-balls, 464. 

Pulque, 379. 

Pukes, 252. 

Pumpkin, 274. 
Punctaria, Grev. 450. 
Punica, X. 259. 
Purging-nut, 340. 
Purple-heart, 254. 
Purslane, 269. 
Putty-root, 374. 
Pycnophycus, KiUz. 
449. 

Pybenomycketes, 468. 
Pyrethrum, Qcertn. 

292. 

Pyrola, Toumef. 297. 
Pybobeje, 297. 

Pyrus, Lindl. 257. 
PytHum, Pringsh. 456. 
Pyxidanthera, Mull. 
311. 

Qualea, Auil 261. 
Quandang-nut, 353. 
Quassia, 242. 

Quassia, X. 242. 
^eroi^on, 351. 
Quercus, X. 850. 
Qumaia,Jlf'o;.267. 
10,257. 


Quinas, 241. 

Quince, 258. 

Quisqualis, Bumph, 

262. 

Quitch, 406. 

Radiola, IHUen. 236. 
Badish, 212. 

Pafflesia, B. Br. 355. 
Rafflesiacbjej, 354. 
Baisins, 254. 

Ramalina, 469. 
Bambutan, 231. 
Bampion, 295. 
Kanunculace.®, 

195. 

Ranunculeje, 196. 
Kanunculus, X. 196. 
Bape, 212. 

Ilaphanus, Tournef. 

Baspheiry, 258. 

Bata, 260. 

Eavenala, Adans. 377. 
Heaumubiace.®, 229. 
Bed Cedar, 361. 

Bed Battle, 328. 

Bed Sandalwood, 253. 

Seaweeds, 446. 

Bed Snow, 453. 

Beed, 406. 

Beindeer Moss, 470. 
Keseda, X. 213. 
Resedacb.®, 213. 
Besin, 361. 

Restiace.®, 400. 
Restio, X. 400. 
Reticidaria, Bull. 471. 
Rhamnacej®, 246. 
Rhamnus, Juss. 246, 
Rhapis, L.fil. 391. 
Bhatany, 233. 

Bhea jdjre, 342. 

Rheum, X. 329. 
Rhexia, Nutt. 263. 
Rhinanthus, X. 327. 
Rhipsalifi, Gwrtn. 

RmzoBOLE.®, 226. 
Rhizocabpejb, 426. 
Rhizooens, 187. 
Rhizophora, Lam, 261. 


Rhizophobaceje, 261. 
Rhizopus, 459. 
Rhododendron, X. 297. 
Rhodoleia, Champ, 

278. 

Rhodomela, Agh. 447. 
RnODOMELEiE, 447. 
Rhobobe.®, 297. 

RhOBOSPEBMEw®, 

446. 

Rhodymenia, Mont.. 
448. 

Bhubarh, 329. 

Rhus, X. 247. 

Ribes, X. 276. 
RiBESIACEiB, 276. 
Riccia, Mich. 435. 
Ricciace®, 434, 

Bice, 405. 

Bice-paper, 283. 
Richardia, Kunth, 

396. 

Richardsonia, Kunth, 
287, 

Ricinus, Tournef. 338. 
Rivina, Plum. 352. 
Rivularia, Both, 454. 
Boadrweed, 298. 
Robinia, 252. 
Bocanibole, 386. 
Roccella, DC. 469. 
Bock Boses, 214, 
Rondeletia, Bl. 287. 
Rosa, Tournef. 257. 
Rosace®), 255. 
Rose®), 257. 
Bose-apples, 260, 
Bosemary, 321. 

Boses, 258. 

Bosewood, 253. 
Rosib®), 257. 
Rosmarinus, X. 320. 
Rottlera, Boxb. 338, 
340. 

Roupellia, Wdll, 309. 
Roxbubchiace®), 

383 

Royena, X. 302. 

Ruoia, Toumef, 286, 
287. 

Rubiaob®), 285. 
Rubus, X. 257. 



JRue, 24}. 
Buellia, 322. 
Rumex, L, 329. 
Ruppia, X. 389. 
Ruscus, Toumef* 
385.' ^ 
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Sandal-wood^ redy 361, 
Sandarac, 361. 
Sanguinaria, Dill. 207, 
SANOUISORBBiE, 267. 
Sanicula, Townef. 

279. 


Scsevola, X. jf5. 
Scammomfy fiS. 
Sca^hopetal^:;f» . 

Scarlet Danner BeanSy 
252. 


Dushesy 399. 

Dusts y 461. 

Ruta, Tmrnef, 241. 
Rutacejs, 240. 

Dyey 405. 

Dye-grasSy 406. 

Sahadillay 387. 

Sabal, Adans, 391. 
SABIACBiE, 202, 247. 
Sacchaeomyces, 

472. 

Saccharum, X. 405. 
Safflower y 293. 

Saffron, 381. 
Sagapenumy 282. 

Sagsy 321, 

Sageretia, Brongn. 246 
Sagina, X. 219. 
Sagittaria, X. 389. 
Sago-palms y 391. 
Sago-plants, 366. 
Saguerus, Dumph. 394. 
Sagus, Gmrtn. 391. 
Saintfoin, 262. 

Salep, 374. 

Salicaceje, 345. 
Salicine, 340. 
Salicoriiia, Tourn. 

331. 

Salisburia, Sm. 361. 
Salix, X. 345. 

SaUowSy 345. 
Salomonia, Lour. 232. 
Salsafy, 293. 

Salsola, X. 331. 
SAIiVADOBACBJB, 305. 
Salvertia, St,-HU. 

261, 

Salvia, X. 320. 
Salvima, Mich. 427. 
Sambucus, Tourn. 285, 
Samolus, Toumef.^OO. 
Samphire, 282. 
SAMYDACBiB, 271. 
Sandal-wood, 353. 


Sanseviera, Thunh, 
386. 

Santalacb.®, 353. 
Santalum, X. 353. 
Sap-green, 246. 
Sapindace®), 229. 
Sapindeab, 230. 
Sapindufl, X. 230. 
SapodiUa-plumy 302. 
Saponaria, X. 219. 
Saponine, 220. 
Sapotaceas, 302. 
Sapria, Griff. 366. 
Sapeolegnieas, 455. 
Sapucaya-nuts, 261. 
Sarciiia, Goodsir, 471. 
Sarcocephalus, 287. 
Sarcocot, 340. 
SarcocoUa, Kth. 340. 
Sarcophyte, Sparrm. 
363. 

Sargassum, Dumph. 
449. 

Sarracenia, X. 205. 
SARRACENIACEiE, 206. 
SarsapariUa, 384. 
Sarsaparilla y wUd, 

283. 

Sassafras, Nees, 333. 
Sassafras, 333. 
Satin-wood, JE. I. 235. 
Sauraja, WilJd. 226. 
Sattbaje.®, 226. 
Sauiidia, Harv. 379. 
Saurueacb.®, 348. 
Saururus, X. 348. 
Sauvaoesiacbjb, 

217. 

Savine, 361. 

Savory, 321. 

Saxifraga, X. 265. 
Saxipragacb®, 266. 
Saxifrages, 266. 
Scabiosa, Dom. ^ 
Schdt.^m. 
Scdk-Mossesy 433. 


Scepaceaj, 340. 
Scbeucbzeria, X. 389. 
Schleicliera, Willd. 231. 
Scbmidelia, Murr. 231. 
Sciadopitys, S. ^ Z. 360. 
Schinus, i. 247. 
Schizeea, Smith, 420. 
ScHiz.®B.®, 420. 
Schizandra, X. C. Dich, 
202 . 

Schizandracb.®, 

202 . 

Schizanthus, D. ^ P. 
333. 

SCHIZOMYCBTBS, 471, 
Schizopetalon, Hook. 
211 . 

Schoboria, Moq. 331. 
Schoenus, X. 400. 
Schweinitzia, EU. 

297. 

Scilla, X. 384, 

Sdo Turpentine, 247. 
Scirpus, X. 401. 
SCLERANTHBAB!, 268. 
Scleranthus, X. 208. 
Sclerolobium, Yog. 261, 
Scolo|)endriuin, Smith, 

Scorodo8ma,Xww(7e,282. 
Scorzonera, X. 293. 
Scotch Fir, 368. 

Screw Pines, 395. 
Scrophualaria, Toumef. 
826. 

SCROPHELARIACBiB, 

325. 

Scrubby Oak, 226. 
Seor-Bmkthorn, 336. 
SeorKaU, 212. 
Seaweeds, 436. 
See^WrackSy 449. 
Secbimn, P. Br. 273. 
Securidaca, X. 232. 
Sedges, 400. 

Sedmn, X. 267. 
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SMLAamACEM, 321, 
Selagixielk, 

JCit S22. 

Sellier^ Oav, 294. 
Semecarptis, Z. 247, 
Semen eowtra^ 292. 
S^perviTTim, Z. 267, 

Senecio, Less, 293. 
Senna, 254. 

Sequoia, JSndL 360. 
Sesamum, Z. 323. 
Sesuvium, Z. 269. 
Betaria, L, 40S. 

Seville Orange, 236. 
Shallot, 386. 

Shaloo, 406. 

Shamoola, 406. 

Shea, 302. 

Shorea, Roxh. 226. 
Sicyoa, Z. 273. 

Sida, Z. 221. 

Sileue, Z. 219. 
SiLENEiE, 219. 
Silk-cotton trees, 

222 . 

Silk-weeds, 461. 
Silver-JBir, 360. 

Simaba, Auhl. 242. 
Siraaruba, Auhl. 242. 
SiMAEUBACEJE, 242. 
Sinapis, Tovrnef. 

212 . 

SingharornuL 264. 
Siphocampyius, PoAZ, 
294. 

Sipbonia, Benth. 839. 
Sisyriuchium, Z. 381 . 
Sizygites, 458. 
Skunk Cabbage, 397. 
Smeatbrnauuia, Soland. 
270. 

Smilace.®, 383. 
Smilacina, Desf. 385. 
Smilax, Z. 384. 
Smitbia, Ait. 252. 
Snake-gourd, 274. 
Snake-nut, 230. 
Snap-dragon, 327, 
Snow-berry, 286. 
Snowdrop, 879, 


304 , 

Snovy^ke, 379. 
iSS[?«p-roo^, 220. 
Soap-worts, 229. 
Sobralia, 374. 
SOLANACBJB, 813. 
Solanum, Z. 314. 
Soldanella, Z. 301. 
Solenostemina, Heyne, 
310, 

SoUya, Lindl. 243. 
Solomon's Seal, ,386. 
Sophora, Z. 250, 263. 
Sorghum, Pers. 403. 
Sorrel, S29. 

SouaH-nuts, 227. 
Sour-sops, 200. 
Southern-wood, 292. 
Spadicifeobab, 890. 
Speetlum, 269. 
Sparganium, Z. ,369. 
Sparmaimia, Z. 226. 
Spathularia, Pers. 466. 
Spatulum, 269. 
Specularia, Heist. 295, 
Speedwell, 328. 

Spelt, 406. 

Spergula, Z. 268. 
Spermacoce, Z. 286. 
Spbaaria, Z. 468. 
Spbeerocarpus, Mich. 
435. 

Sph^erococcse^, 

447. 

Sphcerococcus, Grev. . 
447. 

Sphaerophoron, Pers. 
469. 

Sphaeroplea, Agh. 452. 
Sphseroatemma, Blum. 
202 . 

Sphagnacbas, 432. 
Sphagnum, DiUen. 432. 
Spider-worts, 887. 
Spigelia, Z. 306. 

Spike, oil of, 320. 
Spikenard, 288. 
^inach, 331. 

Spinach, New-Zealand, 
269. 

Spinacia, Tournef. 

331. 


%mdlb4ree, 246. 
Spiraeaf, L. 257. 
Sbimidje, 267. 
Spirilla, Hass. 471. 
Sp^^j^a, Zt«^ 

Splachnum, Z. 482. 

432. 

Spondias, Z. 247. 
Spondieea, 247. 

Spruce Mr, 360. 
Spumaria, Pers. 470. 
Spurge Laurel, 336. 
Squill, 386. 

Staavia, Thtmb. 278. 
Stachys, Benth. 320. 

STACKHOTTSIACBiE, 

245. 

Stagmaria, Jack, 247. 
Stangeria, Moore, 

,365. 

Stapelia, Z. 310. 
Staphylea, Z. 231. 
Staphylbaceas, 

231. 

Star-Anise, 199. 
Star-apple, 302. 
Star-ioort, 349. 

Siatice, Z. 329. 
Stauntonia, DC. 202. 
Stavesacre, 108. 
Stellaria, Z. 219. 
STELLATiE, 287. 
Stemonitis, Gled. 

471. 

Ste^hanosphsara, Cohn, 

Sterculia, Z. 223. 
STERCUEIACBiE, 223. 
Stbbculibab, 223. 
Stereocaulon, Sehreh. 
469. 

Sternhergia, Artis, 379. 
Sticta, Schreb. 4C>9. 
Stictis, P<er«. 465. 
Stigmatia, Fries, 468. 
St. -Ignatius' 8 Bean, 
307. 

Stilaginacel®, 843. 
Stilago, Z. 343. 

Stilbe, Berg. 321. 
Stilliis^a, 3^, 
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Stinamg^net&e^ 342. 
Stink^homs, 464. 
Stipa, L, 404. 

St. John^B-woHy 228, 
St6ck, 212. 

Stme-^opy 208, 
Stone-pine, 360. 
Storax-gum, 304. 
Storax, liquid, 278. 
Strashurg Turpentine, 
361. 


Stratiotes, L. 382. 
Strawbeny, 258. 

SunJi/S, 377 . 
Streptantlms, Nutt, 212. 
Streptocai’pus, Lindl. 
324. 


Streptoch se ta,iV<®<?s,404. 
Striga, XoMr. 327. 
Stringg-barks, 260. 
Strychnine, 307. 
Strychnos, L. 306. 
Stuartia, Catesby, 227. 
Stylii)IACe;i 2, 294. 
Stylidium, Sw. 294. 
STYRACACEiE, 303. 
Styrax, Tournef. 303. 
Subularia, Adans. 211. 
Suceo7y, 293. 
Sugai'-cane, 405. 
Simlach, 247. 

Sumbul, 282. 

Sundews, 215. 
Sun-flower, 293. 
Sun-he^np, 222. 
Surinam Medlar, 302. 
Sioamp Pine, 3()0. 
Swartzia, JVilld. 250. 
Sweet-leaf, 304. 

Sweet Potato, 312. 
Sweet-sop, 200. 

Sweet Vernal Grass, 
406. 


Sweet Violet, 216. 
Sweet William, 220. 
Swieteuia, L. 234. 
^jcamore-flg, 343. 
Symplioricarpus, Bid. 

Synlpiiytum, L. »318. 
Sym;^t)carp\is, Schult. 


Sym^ocos^ Jaeq. 804* 
Syngenbsxa, 292. 
SYNSPOBBite, 463. 
Syriaga, i. 306. 
I^ringa, 267. 

Tabasheer, 407. 
Tabemaemontana^ 

Plum. SC^. 
Tacamahaoa, 228. 
Tacca, Foi'st. 369. 
TACCACE.aB,368. 
Tacsonia, Juss. 271. 
Talinum, Adans. 269. 
Tallow-tree, 340. 
Tamaricace.®, 217. 
Tamarind, 254. 
TamaHnd-plum, 254. 
Tamarindus, L. 251. 
Tama7'isk,^Vl . 

Tamarix, L, 217. 
Tamus, JL. 369. 
Tan^liinia, Thmars, 

Tangie, 461. 

Taonia, J, Agh. 449. 
Tapioca, 340. 

Tara, 397. 

Taraxacum, Juss. 291. 
Tari'agon, 292. 
Tasmaimia, R. Br. 

TAXACEiB, 361. 
Taxodium, L. C. Rich, 

. 358. 

Taxua, L. 361. 

7'ea, 226. 

Tea, Cape of Good 
itope, 293. 

Tea, Paraguay, 303. 
Tea, Panama, 227. 
Teak, 321. 

Teazel, 288. 

Tecoma, Juss. 323. 
Tectona, L. 321. 

Teff, 406. 

Tepl^osia, Pers. 263. 
Terebinthaceje, 246. 
Tenninalia, L. 26^ 
TERMINALIEiE, 202, 
Temstrcemia, Mart. 
226. 


Tbbnstmbmiaciejb, 

226. 

TEBNSTRCBMIEiK, 226. 
Testudinaria, Sem^. 

369. 

Tetilla, DC. 267. 
Tetracellion, 7\(m.211* 
Tetragonia, L. 2^. 
Tetrameles, R. Br. 276, 
Tetranthera, Jacq. 333. 
Tetrapanax, C. Kooh, 

Tetrapathsea, DC. 270. 
Tetraphis, Hedw. 432. 
Tetraspora, Dec. 462. 
Totratneca, Smith, 233. 
Teucrium, L. 320. 
Thalamiflobab 3^ 196. 
Thalictrum, Tournef. 
106. . 
Thallogens, 411, 
Thallophyta, 408, 
411, 435. 

Thamnocbortus, Berg. 
400. 

Thapsia, L. 280. 

Thea, L. 226. 

Thelasis, Blume, 371. 
Thelidium, Massal. 470. 
Thelymitra, Forst. 371. 
Theobroma, L. 224. 
Tiieophrasta, «/b«d.301. 
Tbesium, L. 353. 
Thismia, Griff. 374. 
Thistles, 293. 
Thladiantha, Bunge, 
273. 

Thomasia, Gay, 223. 
Thorn-apple, 316, 
Thrift, 299. 

Thuja, Toumrf. 368. 
Thunbergia, Jb. 322. 
Thyme, 320. 
THYMBLACBiH, 835 
Thymus, L. 320. 
Ticorea, AM. 241. 
Tigridia, Juss. 381. 
TiEa, L, 224. 
Tiliaceje, 224. 

Tinma, Mich. 267. 
Tillandsia, X. 381. 
Tilietia, 2W. 461. 
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TinospoTa, Miert, 201. 
Tmesipteris, Berkh^ 
424. 

Toadrflax, 828. 
Toadstools^ 403. 

Tobacco j 816. 

TocussOf 406. 

Toddalia^ Jim. 241. 
T 0 DDA 1 . 1 EJB, 241. 
Todea, WiM, 420. 
Tolypella, Brauuy 444. 
Tomato, 317. 
Tonka^ean, 253. 
Torreya, Arn, 361. 
Tournefortia, It, Br, 
318. 

Tous^les-mois, 377. 
Trachylobium, 254. 
Tradescantia, Z, 387. 
Tragacanth, 224, 263. 
Tragopc^on, X. 293. 
Trapa, Z, 264. 

heaven, 242. 
Tremandra, JK. 233. 
TBEMANDBACEiE, 233. 
Tremella, DiU, 462. 
Tremelleje, 462. 
Trianosperma, Torr, ^ 
G, 273. 

Tribulus, Toumef, 240. 
Tricerastes, Pi'esl, 275. 
Tricliia,XraZ/,471. 
Tricbilia, 234. 
TricbocMus, Pers, 278. 
Trichocoleaj^iV5?e«, 434. 
TricbomaneS, Presl, 
419. 

Trichosanthes, X. 274. 
Trichostomum, Hedw, 
432. 

Trientalis, X. 304. 
Trifolium, X. 261. 
Triglochin, X. 389. 
TriUium, MiU. 384. 
Triosteum, Adam. 285. 
Tripe-^’^oche, 470. 
Tripsaoum, X. 406. 
Triptolomea, Mart, 253. 
Tritieum, X. 404. 
Triumfetta, 

224. 

TBOPiBOLAOE.B:, 239. 


Tropseolum, X. 239. 
Traffics, 468. 
Tr%mpet4ily, 897. 
Tuber, ifibA. 467. 
Tubebejb, 467. 
Tuberose, 387. 
TUBULIPLORiB, 290. 
Tulipa, Tournef, 384. 
Tuhp^ree, 200. 

Tupa, G, Bon, 294. 
Turkey^red, 240. 
Turmeric, 376. 
Turnera, Plum, 271. 
Tuenebaceas, 271. 
Turnip, 212. 

Turnsole, 340. 
Turpentine, 861. 
Tussac-grass, 406. 
Tussilago, Toumef. 
2f)3. 

Tylopbora, B, Br. 310. 
Typba, X. 395. 
Typhace.®, 396. 

Udora, Nutt, 382. 
Ullucus, Loz. 332. 
Ulmace.®, 344. 
ULMEiB, 344. 

Ulmus, X. 344. 

Ulva, Agh. 452. 
IJMBELLIFEKiE, 278. 
Umbilicaria, Iloffin. 
469. 

XJncaria, Burch. 287. 
Uniceleulabes, 

452. 

Upas tieuU, 307. 

^ Upas-tree, 34.3. 
Urceola, Boxb. .301. 
Ubedineje, 459. 
Uredo, Pers. 460. 
Urena,X.221. 
Ubeneas, 221. 

Urera, Gaud, 341. 
IJREBEiE, 341. 
tJrginea, Kunth, 386. 
Uromyces, Lmk, 460. 
Urtica, Tournef. 342, 
Ubticace.®, 341. 
Usteria, W^. 306. 
USTILAOINE.®, 461. 
Ustilago, Pera. 461. 


Utriculana, X. 328. 
Uvorursi, 297. 
Uvularia, X. 387. 

Vaccikibae, 296. 
Vaccinium, X. 296. 
Valerian, 288. 
Valeriana, Neck. 288. 
Valbbianacb^, 

288. 

Vallisneria, Mich. 

382. 

Vdlonia, 351. 

Vanilla, Sio. 374. 
Vascueab Crypto- 
gams, 409. 

Valeria, X. 225. 
Vaucberia, DC. 452. 
Vegetable Ivory, 394. 
Vegetable Marrow, 

274. 

Vella, 212. 

Vellozia, Mart. 380. 
Venice Turpentine, 

361. 

Ventilago, Gaert. 246. 
Ventuna, Not. 468. 
Venus's Fly-trap, 215. 
Veratrum, Tournef. 
386. 

Verbascum, X. 326. 
Verbena, X. 321. 
VEBBENACEiB, 321 . 
VEBBENEiB, 321. 
Vernal-grass, 406. 
Veronica, X. 328. 
Verrucaria, Pers. 469. 
Vervain, 321. 

Vetivert, 406. 

Vibriones, 471. 
Viburnum, X. 285. 
Vicia, X. 263. 

Victoria, Lmdl, 204 
Villarsia, Vent. 308. 
Vinca, X. 308. 
Vincetoxicum, Mcench. 
309 

Vine Mildew, 466. 
Vines, 244. 

Viola, X. 216, 217. 
ViOLACEABS, 215. 

VioU, 217. 
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Virginia Creeper, 244. 
Virginian Snake^-root, 
356. 

Virola, Aubl 334. 
Viscum, Toumef, 362. 
Vismia, VelloZj 228. 
VlTACE-®, 243. 

Vitex, L. 321. 

Vitis, L. 243. 
ViVIANACE.®, 239. 
Vochysia, Juss, 262. 
VoCHYSIACEiE, 262. 
VOLVOCINIEiE, 455. 
Volvox, Lam. 455. 
Voyra, 308. 

Wacliendorfia, 383. 
WciUrfl&ivery 212 . 
Walnut, 350. 
Waltheria, L. 223, 
Wampee, 236. 

Warree, 406. 
Water-beans, 204. 
Water-chestnut, 264. 
Water-cress, 212. 
Water-hernloch, 281. 
Water-lilies, 203. 
Water-peppers, 229. 
Water-weed, 383. 
Wax-Myrtle, 344. 
Weld, 214. 
Wellingtmia, 360. 
WelwitscLia, Hook. f. 
363. 


Wermuth, 292. 

Wheeft, 405. 
Whwiieberry, 297. 
Wig-pUmt, 247. 
WfllaenoYia, Thunh. 
400. 

Willows, 346. 
Willuffhbeia, Batsch, 
309. 

Winter Aconite, 198. 
Winter-grem, 297. 
Winter's hark, 199, 
WiNTEBEiE, 199. 
Witch-Hazel, 277. 
Woad,2l% 

Wollfia, 398. 

Wood-oil, 235. 
Wood-Sorrell, 237. 
Wooralia, 307. 
Worm-seed, 331. 
Wormwood, 292. 
Wriglitia, M. Br. 309. 
Wych Elm, 44. 

Xanthocliyinus, Roxb. 
227. 

Xanthophyllum, Roxb. 
232. 

Xanthorrlia3a, Sm, 

386. 

XANTHOXYLACEiE, 

241. 

Xanthoxyleae, 241. 


Xanthoxylon, Kunih, 

241. 

Xerotes, R. Br!m. 
Xylaria, Pers. 468. 
Xylophylla, L. 338. 
Xylopia, L. 200. 
XYRIDACKiE, 387, 

Xyris, L. 387. 

Yams, 309. 

Yeast-plant, 472. 

Yellow Rattle, 32B. 
Yellow-root, 198. 
Yelhio-wood, 235. 

Yew trees, 362. 

Yucca, X. 38. 

Zalacca, Blume, 394. 
Zamia, X. 365. 
Zannicliellia, Mich, 

889. 

Zea, X. 405. 
Zebra-wood, 247, 288. 
Zedoary, *376. 

Zingiber, Qeertn. 376. 
ZiNGIBBEACBiE, 375. 
Zinnia, X. 298. 

Zizania, Gr. 406. 
Ziz^bus, Tournef. 

Zostera, X. 389. 
ZYGOPHYLLACEiE, 240. 
Zygophyllum, X. 240. 
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Abaxial embryo, 157. 
Abbreviatoiy marts, 180. 
Abortion, 93. 

Abruptly pinnate, 63. 
Absorption, 562. 
Acaulescent, 22. 
Accrescent calyx, 109. 
Accumbent cotyledons, 
167. 

Acerose, 68. 

Acbfenium, 145. 
Aohlamydeous, 93, 116. 
Acids, organic, 578, 
Acrobrya, 526. 

Acrogens, stems of, 526. 
Aculei, 68. 

Acuminate, 59. 

Acute, 69. 

Acyclic, 89. 

Adherent, 98. 

Adhesion, 85, 92, 97, 130. 
Adnate anther, 121. 

stipules, 53. 

Adventitious buds, 70, 
602. 

roots, 17, 18, 537, 

598. 

Aerial roots, 

system, 623. 

JEstivation, 72, 104. 
Agamogenesis, 622. 

Age of plants, 546. 
Aii^canals, 523. 

Al», 111. 

Alate, 52. 

Albumen of seeds, 154. 
Alburnum, 532. 

Aleurone, 500. 

Algse, morphology of, 

, reproduction of, 

438. 

Alternate, 42. 
Alternation, 91. 

of growth, 612. 

— of generation, 622. 
Altemipinnate, 63. 


Altitude, regions of, 672. 
Amber, 699. 

Amentum, 78. 

Amniotic sac, 156. 
Amphigastria, 433. 
Amphitropous, 138, 
Ami^lexicaul, 58. 

Amyloid, 491. 

Anatomy, how to study, 6. 

of leaves, 539. 

of roots, 533. 

of stems, 525. 

Anatropous, 138. 
Andro-moncecious, 637. 
Andro-dioecious, (>37. 
Andrmcium, 11, ll9. 
Androphore, 707. 
Androspores, 441. 
Angiospermia, 12, 193. 

, ovules of, 630. 

Angular, 40. 

divergence, 43. 

Anisoraerous, 95. 
Anisostemonous, 124. 
Annual plants, 544. 

rings of Dicotyle- 
don s, 531. 

Annular cells, 489. 

vessels, 510. 

Annulus, 463. 

of Ferns, 419. 

Anterior, 89. 

Anther, 11, 121. 

, faces of, 126. 

, forms of, 122. 

, lobes of, 122. 

structure of, 541. 

Antheridia, 409. 

of Ato, 439. 

Antherozoids, 416, 439. 
Anthracite, 699. 
Antidromous, reversed 
direction in continu- 
ous spiral coil, see 
Homodromous. 
Antipodal cells, 632. 
Apetalous, 93. 


Apex of leaf, 69. 
Aplanogamete, 459. 
Apocarpous fruits, 145. 

pistil, 129. 

Apothecia, 469. 

Arabine, 604. 

Archegonia, 409, 416. 
Arcuate embryo, 157. 
Areas of distribution, 

664. 

Arillode, 154. 

AriUus, 154. 

Arista, 111. 

Arrangement, 89, 94. 
Articulate, 40. 
Articulation of leaves, 49. 
Artificial classifications, 
180. 

Ascending, 40. 

ovule, 137. 

Ascent of sap, 506. 

Asci, 464. 

Ascidia, 66. 

Ascogoniura, 464. 
Ascospores, 464. 
Asparagin, 578, 645. 
Assimilation, 576, 654. 
Atropous, 138. 
Auriculate, 58. 

Authority for names, 167. 
Auxanometer, 612. 
Awl-shaped, 58. 

Awn, 117. 

Axial embryo, 167. 

Axil, 21, 42. 

Axile placentas, 132. 
Axillary buds, 21, 70. 

inflorescence, 74. 

stipules, 54, 

Axis, ascending, 20. 

— 21 * 

Bacca, 160. 

Baccate, 141. 

Balsams, 581. 
Banyan-tree, 19. 
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Bark, 517. 

Basidiospores, 463. 
Basidium, 463. 

Basilar style, 133. 
Bassorine, 504. 

Bast, 533. 

Bentham and Hooker’s 
System, 187. 

Berry, 150. 

Biennial plants, 544. 
Bilabiate calyx, 108. 

corolla, 112. 

Binary flowers, 90. 
Bipinnate, 63. 
Bipinnatifid, 61. 
Bipinnatipartite, 61. 
Bipinnatisect, 61. 
Bisexual, 93. 

Biternate, 64. 

Blade, 49. 

Bleeding, 572. 

Bloom of fruits, &o., 521 , 
682. 

Botanical geograpliy, 658. 

geology, 698. 

regions, 676. 

Bothrenchyma (pitted 
tissue), 612. 

Brachiate = decussate. 
Bractcoles, 75. 
Bract-region, 23. 

Bracts, 75. 

Braun’s System, 189. 
Bristles, 66. 

Brongniart’s System, 187. 
Bt^own, R., 186. 

Budding, 618. 

Buds, 21,34,69,594,613. 

, adventitious, 70, 

602. 

, axillary, 270. 

on roots, 5, 71- 

, terminal, 4, 22. 

, winter, 71. 

Bud-scales, 71. 

Bulb, 25. 

Bulbils, 26, 643. 

Bundles, closed, 516, 527. 

, definite, 515, 527. 

', fibro-vascular, 15. 

, open, 515. 

, vascular, of Dico- 
tyledons, 529. 

OaduoouB, 86. 

OEdyx, 109. 


Caducous corolla, 114. 
Ceespitose, 47. 

Callus, 616. 

Calycifloral, 98. 
Calygtra(of Mosses), 430* 

Calyx’ 11. 

, characters of, 106. 

, lobes of. 107. 

, throat of, 107. 

tube, 107. 

Cambium, 515. 
Cambium-region, 516. 

of Dicotj'ledons, 

529. 

of Monocotyledons, 

516. 


Campanulate, 108, 112. 
Oarapylotropous, 138. 
Canal-cell, 629. 
Canaliculate, 51. 

Canals for secretions, 524. 
Cancel late-nerved, 57. 
Caoutchouc, 582. 
Capillary, 120. 

action, 567. 

Capitate stigmas, 135. 
Oapitulum, 180. 

Capsule, 148. 

Carbon, assimilation of, 
577. 

Carbonate of lime, excre- 
tion of, 582. 

Carbonic dioxide, absorp- 
tion of, 574. 

, evolution of, 

575. 

Career ulus, 146. 

Carina, 111. 

Carnivorous plants, 560, 
Carpels, 12, 127. 

of Gymnosperms, 

135. 


Carpogonium, 465. 
Airpophore, 101, 150. 
Caruers Sy^ra, 191. 
Caryophyllaceous corolla, 

Caryopsis, 147. 

Catfen, 78. 

Caudex, 36. 

Oaudicle, 127. 

Caulicle (—hypocotyle- 
donary axis), 21, 592. 
Cauline leaves, 49. 
Caulome, 20. 


Cells, 474, 476. 

, annular, 489. 

, circulation in, 649. 

, clathrate, 487; 

, colonies of, 507. 

, conducting, 509. 

, contents of, 494. 

, development of, 

584. 

, duration of, 649. 

, form of, 476. 

— , lattice, 487. 

, magnitude of, 481. 

, nucleus of, 496. 

, pitted, 486. 

, reticulated, 489. 

, scalar! form, 489. 

, segmentation of, 

585. 

, spiral, 483. 

of anthers, 122. 

of ovaries, 131. 

Cell-contents, 475. 
Cell-division, 585. 
Cell-formation, 585. 

Cell formation, free-, 

688. 

Cell-life, 548. 
Cell-membrane, composi- 
tion of, 490. 

, molecular struc- 
ture of, 482. 

Cell-sap, 474, 494. 
Cell-wall, 481. 

, molecular struc- 
ture of, 483, 

Cellular envelope, 520, 
529. 

system, 514. 

tissue, 476. 

Cellulose, 490. 

, detection of, 491. 

Central placentas, 131. 
Centres of diffusion, 666. 
Centrifugal infiorescence, 
76. 

Centripetal inflorescence, 
76. 

Ceramidium, 4:39. 
Cemuus, 40. 

Chalaza, 137, 153. 
Chatacese, reproduction 
of, 445. 

Characters of plants, 

178. 

, diagnostie, 177. 
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Characters, generic, 176. 

, specific, 177. 

, value of, 182, 

Chlorofucin, 499. 
Chlorophyll, 498. 
Chorisis, 93i 
Chronizoospore, 438, 
Cicatrix, 52. 

Circinate, 74, 145. 
Circulation in cells, 549. 

of sap, 566. 

Circumscissile dehiscence, 
142, 143. 

Cirri, 67. 

Cladode, 41. 
Classification, artificial, 
180. 

— , natural, 182. 

, principles of, 158. 

, systems of, 158, 180. 

Clathrate cells, 487. 

Claw of petals, 109. 
Cleistogamic, 637, 639. 
Climate, 658, 668. 
CUmbing plants, 40, 656. 
Closed, 114. 

Cloves, 26. 

Coal, 699. 

Coats of ovule, 137. 
Cocci, 142, 150. 
Coocidium, 438, 439. 
Cochlear, 105. 
Cochleariform, 110. 
Cohesion, 97. 

Coleorhiza, 18, 535, 593. 
Collar of stems, 526, .537. 
Collenchyma,^507, 509. 
Collenebyrna-^ells, 509. 
Colloid, 562. 

Colonies of cells, 507. 
Coloured light, action of, 
605. 

Colouring-matter of 
flowers, 504. 

Columella of Mosses, 432. 
Column of Orchids, 130, 
370. 

Coma, 153. 

Common calyx, 80. 

receptacle, 80. 

Complete flower, 93. 
Compound flower, 80. 

^l&nds, 524. 

infloresoenoe, 84. 

leaf, 55, 62. 

• pistils, 130. 


Compound stamen, 120. 

umbel, 79. 

Compressed, 40. 
Conceptaeles, 439, 447. 
Conduplicate, 73, 104. 
Conducting cells, 513. 

tissue, 541. 

Cone, 78, 152. 

Confluent fruits, 151. 
Conidia, 457, 613. 
Conidiophore, 457. 
Conjugation, 440, 494, 
585, 621. 

Connate leaves, 58. 

■ stipules, 54. 

Connective, 121. 
Connivent sepals, 107. 
Consistence of leaves, 65. 
Constituents of plants, 
556. 

Contact action, 578. 
Contents of cells, 494. 
Contorted sestivation, 
105. 

Convolute, 72, 104. 
Oonvolutive aestivation, 
105. 

Cordate, 58. 

Coriaceous, 65. 

Cork, 521. 

cambium, 522. 

Oormopbyta, 408. 

Corras, 27. 

Corolla, characters of, 
109. 

Oorollifloral, 98. 

Corona, 114, 

Corpuscles, germinal, 
632. 

Oorpuscula, 628. 
Corrugate, 105. 

Cortical system, 517. 
Corymb, 78. 

Corymbose cyme, 84. 
Costae, 55. 

Cotyl^ons, 157. 
Creeping, 31, 

Cremocarp, 149. 

Crenate, 59. 

Crested petals, 104. 
Crista, 110. 
Cross-breeding, 640. 
Cruciform corolla, 110. 
Crude sap, 572. 
Cryptogamia, 10, 408. 
, olassifioation o^ 189. 


Cry|)toj^mia, morphology 

Crystals, 506. 

Crystalloid, 501, 562. 
Culm, 33. 

Cuneate, 58. 

Cupule, 149. 

Curved embryo, 157. 
Curvinerved, 55. 

Cuticle, 521. 

Cuticular layers, 484. 
Cuttings, 616. 

Cyathium, 338. 

Cycle, 43. 

Cyme, 81. 

Cynarrhodum, the fruit 
of Rosa (achenes in a 
concave receptacle), 
256. 

Oypsela, 146. 

Cystidia, 463. 

Cystolithes, 506, 524, 
580. 

Cytoblast, 496. 

Dark, plants grown in 
the, 576. 

Darwin’s hypothesis, 163. 
Day and night growth, 
611. 

Death of plants, 546. 

De Candolle’s System, 
186. 

Deciduous, 86. 

calyx, 109. 

corolla, 109, 114. 

leaves, 65. 

Declinate stamens, 124. 
Decomposition of car- 
bonic dioxide, 575. 
Decompound, 63. 
Decumbent, 40. 
Decurrent, 52. 

leaves, 58. 

Decussate, 47. 
D6doublement, = chori- 
sis, 93. 

Definite inflorescence, 

76. 

vascular bundles, 

516, 527. 

Deflexed, 41. 

Dehiscence of anthers, 
123. 

of fruits, 142. 

Deltoid, 58. 
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Dentate, 59. 

Deoxidation, effects of, 
577. 

Deposits, secondary, 484. 

, siliceous, 49:^. 

, tertiary, 490. 

Derivative hypothesis, 
163. 

Dermatogen, 515. 
Descent of sap, 572. 
Description of plants, 
170. 

Development, 51. 

, laws of, 547. 

of buds, 602. 

of cells, 584. 

of flpral organs, 600. 

of leaf-organs, 599. 

of ovules, 541, 600. 

of roots, 596. 

of rootlets, 598. 

of stamens, 600. 

of stem, 594. 

of stomata, 591. 

— of vessels, 591. 

— , progressive, 86. 

, simultaneous, 600. 

, successive, 600. 

Dextrine, 503. 

Dextrorse, 106. 
Diadelphous, 97, 100. 
Diagnoses of plants, 176. 
Diagnostic tables, 179. 
Diagrams, floral, 102. 
Dialypetalous, 97. 
Dialysepaloiis, 97, 106. 
Diandrous, 124. 

Diastase, 503. 

Diohasium, 39, 82. 
Diohlamydeous, 93. 
Dichogamous, 638. 
Dichotomy, 39, 

Diclinous, 94, 112, 615. 
Dicotyledones, 12, 193. 

, roots of, 536. 

, stems of, 529. 

Didynamous, 100. 
Diffusion, 125. 

of fluids, 562, 566. 

Digitate, 63. 

Dilated filament, 120. 
Dimerous flowers, 90. 
Dimidiate anthers, 123. 
Dimorphism, 15,125,636. 
Dioecious, 94, 687. 
Direction of seeds, 153. 


Disk, 81, 97, 118. 
Dissected leaves, 61. 
Dissepiments, 130. 
Distimous, 43. 
Distribution, 664. 

, geological causes 

of, 665. 

Divaricate, 41. 
Divergence, angular, 43, 
Divergent sepals, 107. 
Diverticula, 632. 

Division of cells, 585. 
Dorsum of anther, 121. 
Dotted ducts, 512. 
Dracjena, stem of, 527. 
Drosera, 561. 
Drupaceous, 141. 

Drupe, 146. 

Ducts dotted or pitted, 
490, 512. 

Duramen, 582. 

Duration of calyx, 109. 
of leaves, (55. 

Ectoplasm, 495. 
Elaboration of food, 574. 
Elaters of Equisetmit 

417. 

Elective affini^, 642. 
Electricity, influence of, 
607, 644. 

Elements, chemical, 656. 
Eraarginate, 59, 11.5. 
Embryo, 15, 131, 156. 

, development of, 

635. 

Embryo-sac, 138, 632. 

, secondary, 628, 

Embryo^eny of Angio- 
spermia, 635. 

of Gymnospermia, 

629. 

Embryonal cell, 635. 
Bnantioblastic, 157. 
Enation, 92. 

Endlicher’s System, 186. 
Endocarp, 141. 
Bndoderm, 517. 
Endoplasm, 495. 
Endopleura, 153. 
Endorhizal, 593. 
Endosmose, 563. 
Endosperm, 156, 
Endosperm-cells, forma- 
tion of, 537. 
Endoatome, 137, 631. 


Endothecium, 541. 
Ensiform, 58, 

Entire leaves, 55, 59. 
Epicalyx, 104. 

Epicarp, 141. 

Epidermis, 517. 

, development of, 

591. 

Epigeal, 592. 

Epigone, 430, 433. 
Epigynous, 98. 

Epiphytes, 18. 
Equisetacem, morphology 
of, 417. 

, reproduction of, 

418. 

, stems of, 562. 

Equitant, 73. 

Essential characters, 176. 

oils, 504. 

organs, 118. 

of* flowers, 118, 

Eucyclic, 91. 

Evaporation of fluids,664. 
Evergreen leases, ()5. 
Evolution of carbonic 
acid, 575. 

of heat, 648, 

of nitrogen, .575. 

of oxygen, 574. 

Exalburainous, 154. 
Examination of plants, 
mode of, 3. 

Excentric embryo, 157. 
Excrescent, 86. 
Excretions, 680. 

of air, 580. 

of water, 580. 

Exorhizal, 593. 

Exostome, 137. 
Exothecium, 541* 
Exserted, 124. 
Exstipulate, 48, 

Extine, 623. 
Extra^axillary, 86. 
Extravasation, 567. 
Extrorse, 126. 

Exudation, 567» 

Face of anther, 126. 

Fall of the leaf, 640, 
Families of cells, 60 
Faeciation, 85. 
Fasciculate leaves, 47* 

roots, 17. 

Fasciculus, 84» 
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Fastigiate, 36. 

Faux, 107. 

FavellfB, 439, 448. 
Fecundation by sperma- 
tozoids, 441. 

Felted tissue, 510. 
Female flowers, 94. 
Fenestrate, 148. 
Fermentation, 553. 
Ferns, morphology of, 
420. 

, reproduction of, 

419. 

, stems of, 526. 

Fertile flowers, 64. 
Fertilization, phenomena 
of, 635. 

— , cross, 636, 640. 

, self-, 640. 

of ovules, 629, 631 , 

(534. 

Fibre, woody, 615. 
Fibrillffi, 1(5. 

Fibrils of roots, 527. 
Fibrose, 492. 

Fibrous cells, 488. 

layer of Monocoty- 
ledons, 527. 

roots, 16. 

Fibro-vasoular bundles, 
516. 

, origin of, 

532. 

system, 515. 

Filament, 11, 120. 
Filiform, 120. 

appendage, 633. 

cells, 478. 

segments, 61. 

Fissiparous reproduction, 
440, 585. 

Fistular stems, 40. 

Fixed oils, 504. 

Flexuous, 40. 

Floating, 40, 61. 
Floccose, 65. 

Floras, insular, 693. 
Floral clock, 654. 

envelopes, 11, 103, 

organs, structure of, 

540. 

Florets, 81, 106. 

Flower, 86. 

Floweisbud, 74. 

Flowers, con^ete and in- 
complete, 


Flowers, “doubling” of, 
92, 160. 

, essential organs of, 

118. 

, parts of, 88. 

Fluids, diffusion of, 566. 

, evaporation of, 6(58, 

680. 

Fluitans, 40. 

Folded embryo, 167. 
FoHaceous cotyledons, 
157, 592. 

peduncle, 85. 

Foliola, 62. 

Follicle, 146. 

Food, elaboration of, 674. 

of plants, 555. 

, sources of, 5(51, 

569. 

Foramen, 137. 

Force, during growth, 
612. 

Form of cells, 476. 
Formations, floras of, 

700. 

Formulas, floral, 102. 
Fossil floras, 700. 

plants, 699. 

Fossils, kinds of, 699. 
Free-cell formation, 588. 
Free central placenta, 
132. 

fruits, 146. 

stipules, 53. 

Frigofuges, 660. 

I^uits, characters of, 139. 

, classification of, 

145. 

, dehiscence of, 141. 

, monothalaraic, 145. 

, multiple, 146. 

, polythalamic, 145. 

Frutex, 41. 

Frutieulus, 41.* 

Fuoacem, reproduction of, 
449. 

Fundamental tissue, 516. 
Fungi, 455. 

, morphology of, 411. 

, reproduction of, 

411. 

Funiculus, 136, 153. 
Furfuraceous, 66. 
Furrowed, 41. 

Fusiform ce^ls, 478. 

Fusiform root, 16. 


Galbulus, 162. 

Galeate, 112. 

Gametes, 459. 
Gamogenesis, 622. 
Gamopetalous, 97, 112. 
Gamophyllous, 115. 
Gamosepalous, 97, 107. 
Gelatinous coat of cells, 
484. 

Geminate, 42. 

Gemmm, 415, 

Genera, names of, 161. 

, nature of, 161. 

Generic character, 17(5. 
Genus, nature of, 9, 161, 
162. 

Geographical botany, 

6(58. 

Geological botany, 698. 
influences on distri- 
bution, 666. 

Geology, botanical, 698. 
Geotropism, 608. 

Germ -cell, 621. 
Germ-vesicle, 156, 622, 
632. 

Germination, 553, 591, 
644. 

Gibbous, 108. 

— — petals, 110, 113. 
Gills, 463. 

Glabrescent, 65. 
Glabrous, 41, 65. 

Glands, 66, 519, 523. 
GlancMar filaments, 120. 
Gians, 149. 

Globule of Characeae, 
445. 

Glomerulus, 84. 

Glucose, 681. 
Glumaceous, 116. 

Glume, 116. 

Glutinous, 66. 

Gonidia, 413, 448, 469, 
614. 

Grafting, 617. 

hybrids, 643. 

<3h:anulose, 602. 
Grape-sugar, 681. 
Gravitation, 608. 
Growing-points, 594. 
Growth, day and inght, 
611. 

, direction of, 598. 

of Biootyledons, 

529. 
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Growth, periodicity of, 
544, 611. 

Gum, 504. 

, exudation of, 580. 

Gutta peroha, 582. 
Gymnospermia, 13, 356, 

, carpels of, 136. 

, emoryogeny of, 628. 

, ovules of, o28. 

, pollen of, 625. 

, stamens of, 124. 

Gynaecium, 12, 126. 
Gynandrophore, 101. 
Q^iandrous, 126. 
Gynobasic, 133. 
G^o-hermaphrodite, 

637. 

Gyno-monoecious, 637. 
Gynophoro, 101. 

Habit of plants, 545. 
Hairs, 519. 

Half-equitant, 73. 
Haplostemonous, 124. 
Hastate, 58. 

Haustoria, 411, 458. 
Heart-wood, 532. 

Heat, effects of, 604, 652. 

of plants, 647. 

Heliotropisni, 606. 
Hemicyolic, 89. 

H^aticflB, morphology of, 

, reproduction of, 

433. 

Herbaceous envelope, 

533. 

stems, 32. 

Herbarium, 4. 
Hermaphrodite, 93. 
Heterogonous, 636. 
Heterostylia, 638. 

Hilum, 137, 163. 

Hirsute, 41, 65. 

Hispid, 65. 

Homoblastic, 157. 
Homodromous, identity 
of direction in succes- 
sive spiral coils (see An- 
tidromous). 

Honey-dew, 581. 

Hook^ embryo, 157. 
Horizontal ovule, 137. 
Homy endoe^rm or al- 
bumen, 156. 
Humifusus, 40. 


Humus, 558. 
Hybridization, 618, 640. 
Hybrids, 160, 168. 

from grafting, 617, 

644. 

, names of, 168. 

H 5 ’grophiles, 661. 
Hymenium, 463. 
Hymenophore, 463. 
Hyphae, 411. \ 

Hypocotyledonary axis, 
22, 156. 

Hypocrateriform, 112. 
Hypoderm, 52. 

Hypogeal, 592. 
Hypogynous, 98. 

Imbibition, 567. 

Imbricate asstivation, 

104. 

buds, 73. 

leaves, 47. 

Imparipinnate, 62. 
Imperfect flowers, 118. 
Impregnation, 63k 
Inarching, 6lk 
Incised, 5k 
Included, 125. 

Incomplete, 93, 118. 
Incumbent cotyledons, 
157. 

Indefinite bulbs, 26. 

inflorescence, 76. 

Induplicate, 73, 104. 
Indusium, 419. 

Inferior, 98. 

fruits, 14.5, 149. 

ovary, 41, 130. 

Inflated, 106. 

petioles, 52, 67. 

Inflorescence, 10, 76. 

, extra-axillary, 86. 

Infrutescence, 161. 
Infundibuliform, 108, 

112 . 

Innate anther, 121. 
Inseparation, 97. 
Insertion, 49, 98. 

Insular floras, 693. 
Integuments of ovule, 37, 
601. 

Intercellular boundaries, 
507. 

passages, 623. 

Internodes, 21. 
Interpetiolar stipnlee, 54. 


Interruptedly pinnate, 63. 
Intine, 623. 

Intrapetiolar stipules, 53. 
Introrse, 126. 

Inuline, 603. 

Involuoel, 76. 

— — (Jungermanniaoese), 
433, 

Involucre, 76. 

(Jungermanniaoea&), 

433 

Involute, 59, 74, 104. 
Iodine test for starch, 502. 
Irregular calyx, 108. 

corolla, 112. 

perianth, 115. 

Irregularity, 91, 99. 
Irritability, 652. 
IsomerouB, 91, 95. 
Isostemonous, 124. 
Isotliermal lines, 659. 

Jointed, 40. 

Juga, 63. 

Jussieuan System, 185. 
Keel, 77. 

Knots of Dicotyledons, 
632. 

Labellum, 115, 370. 
Labiate, 113. 

Laciniate, 61. 

Lacunae, 523. 

LiBvis, 41 . 

Lamina, 49. 

of leaf, 54. 

of petal, 109. 

Lanate, 65. 

Lanceolate, 58. 

Lateral embryo, 167. 

style, 133. 

Latex, ^2. 

Latioiferous canals, 523. 
Lattice-nerved, 57. 
Layering, 617. 

Layers, 616. 

Leaf, 10, 41. 

, m of, 5^. 

Leaf-bud, 69. 
Leaf-climbers, 657. 
Leaflets, 62. 

Leaf-region, 23, 31. 
Leaf-some region, 22^ 24. 
Leaf-sheath, 49. 
Leaf-stalk, 49. 
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Leaves, absorption by) 

566. 

, arrangement of, 42. 

development of, 

699 . 

, forms of, 65, 57. 

, modifications of, 66. 

— , radical, 48. 

, structures of, 639. 

, veins of, 540. 

Legume, 146. 

Lenticebj, 622. 

Lepidotus, 66. 

Liber, 517, 622, 633. 
Liber-cells, 477. 
Liber-region, 676, 629. 
Lichens, morphology of, 

468. 

, reproduction of, 

469. 

Life of plants, 473. 

Light, action of, 549, 676, 
6a5, 652. 

Ligulate corollas, 112. 
Ligule, 64. 

Liliaceous perianth, 110. 
Limb of calyx, 107. 

of corolla, 112. 

of petal, 109. 

Lindley’s System, 187. 
Linear, 68. 
Linear-lanceolate, 68. 
Linnroan System, 18. 

Lip, 115, 370. 

Lobed leaves, 60. 

Lobes, 61, 65. 

of anther, 122, 

of calyx, 107. 

Loculi of anthers, 122. 

of ovaries, 128. 

Loculicidal, 143. 

Locusta, spikelet of a 
grass, 78, 402. 
Lodiculae, 117. 
Lomentum, 147. 
Luminosity of plants, 649. 
Lycopodiacese, morpho- 
logy of, 423. 

, reproduction of, 

409. 

■ », stems of, 525. 

Lyrate, 61. 

Mace, 154. 

Maorosp<»*e, 139, 424. 
MacrOtnermS). 660. 


Maorozoospore, 438. 

Male flowers, 94. 
Malpighiaceas, stems of, 

Manubrium, 446. 
Manures, 557. 

Marcescent calyx, 109. 
Margins of leaves, 59. 
Marine plants, 661. 
Marsileaceae, morphology 
of, 426. 

, reproduction of, 

626. 

Mealy endosperm, or al- 
bumen, 155. 

Medulla, 529, 532. 
Medullary rays, 629, 632. 

sheath, 529. 

Meiotherms, 660. 
Membrane, cell-, 481. 

of cells, composition 

of, 490. 

— — , porosity of, 481. 
Membranous, 65. 
Merenchyma, 608. 
Mericarps, 144, 150. 
Meristem, 514. 

Mesooarp, 141. 
Mesothecium, 541, 
Mesotherms, 660. 
Metamorphosed leaves, 
66 . 

Metamorphosis, 88. 
Metastasis, 555. 

Methods of study, 3. 
Metis, 641. 

Microgonidia, 441. 
Micropyle, 137, 149, 631. 
Microscope, 5. 
Microspores, 126, 424. 
Microtherms, 660. 
Microzoospore, 438. 
Midrib, 55. 

Migration of species, 662. 
MiSt-vessels, 523. 

Milky j uices, 582. . , ‘ 
Minerm products, 582. 
Mistletoe, 20. 

Molecules, 483. 
Monadelphous, 97, 126. 
Monandrous, 124. 
Moniliform, 120. 

ducts, 510. 

Monocarpic, 545. 
Monoohlamydeous, 93, 
116, 


Monocotyledones, 12, 

14. 

— , roots of, 534. 

— , Btema of, 628, 
Monoolinous, 638, 
Moncscious, 94, 637* 
Monopetalous, see Gfamo- 
petalous, 97, 112. 

corolla, 112. 

Monophyllous, 116. 
Monopodial, 39, 82. 
Monosepalous, 107. 
Monotimlamic, 145. 
Monstrous carpels, 128. 
Morphology, general, 7. 

of Cryptogamia, 

408. 

of Phanerogamia, 

10 . 

Mosses, morphology of, 
428. 

, reproduction of, 

428, 432. 

, stems of, 525. 

Movements of nucleus, 
497. 

of plants, 650. 

of protoplasm, 548. 

of spermatozoids, 

550. 

of tendrils, 657. 

— ^ — of zoospores, 550. 
Mucronate, 69. 

Mules, 641. 

Multi jugate, 63. 
Multilocular ovary, 130. 
Multmlication, 92, 579. 
Murimrm parenchyma, 
508. 

Mycelium, 413. 

Naked buds, 71. 

flower, 93. 

Names of plants, 164. 

, generic, 166. 

, specific, 165. 

, varietal, 168. 

Napiform root, 16. 
Natant, 65. 

Natural classifloation, 
182 

families, 160. 

selection, 163. 

Navicular, 110. 
Neck-cell, 628, 

Nectary, 110 
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NeotarieB, 114. 

Nervature of leaves, 56. 
Nerves, 55. 

Neuter flowers, 94. 
Nitrogen, sources of^ 559. 

, efPi^ of, 576. 

, elimination of, 575. 

Nitrogenous constituents, 
678. 

Nodding, 40. 

Nodes, 21, 42. 

Nodose, 40. 
Nomenclature, 164. 
Noterophiles, 661. 
Nucleolus, 497. 

Nucleus of cells, 496. 

, changes in, 588. 

band, 588. 

of ovule, 136. 

Nuculanium, 1,50. 

Nucule of Characeee, 445. 
Nucules, 146. 

Number, 90. 

Nutans, 40. 

Nutriment, sources of, 
557. 

Nutrition of cells, 547, 
561. 

in Alga:, 554. 

Nymphaeaceie, stem of, 
530. 

Obcordate, 59. 
Obdiplostemonous, l!lM. 
Oblique, 58. 

Obliquity, 101. 

Obovate, 57. 

Obtuse, 69. 

Obvolute, 73. 

Ocoluse, 114. 

Ocrea, 54. 

Offsete, 33. 

Oils, essential, 504. 

, fixed, 503. 

, volatile, 581. 

Oosphere, 166. 

Oospores, 455, 628. 
Opercular dehiscence of 
anthers, 123. 
Operculum of Mosses, 

Opposite, 42. 

Orbicular, 57. 

Orchids, roots of, 636, 
— , names of, 169. 
Organic acids, 678, 


Organogeny, 87. 

Organs, 73. 

— , development of^ 87, 
691. 

, essential, 118. 

, internal anatomy 

of, 526. 

Orthotropous, 138. 
Osmose, 662. 

Ovary, 1^ 128. 

Ovate, 67. 

Ovate-lanceolate, 68. 
Overhanging, 40. 

Ovule, 136. 

, characters of, 136. 

, development of, 

601. 

, ports of, 137. 

of AngioBperm8,630. 

of Gymnosperms, 

628. 

, of Phanerogams, 

627. 

, structure of, 541. 

Oxygen, evolution of, 676. 
Ozoue, action of, 659. 

Palate, 113. 

Pales, 76, 117, 403. 

of capitula, 80. 

Palisade tissue, 540. 
Palmate, 63. 

Palmifid, 61. 
Palrninerved, 5.5. 
Palmipartite, 61. 
Palmipinnate, 64. 
Pidiniseot, 61. 

Panicle, 78. 

Paper, botanical, 4. 
Pa|)ilionaoeou8 corolla, 

Pappus, 108. 
Paraoeliulose, 492. 
Parallel-nerved, 55. 
Parasitic plants, 20. 
Parenchyma, 507. 
Parietal plac^tas, 132. 
Paripinnate, 63. 

Partial petiole, 62. 
Passages, intercellular, 
623. 

Patent, 41. 

Peotaee, 581. 

Pectin, 681. 

Peetose, 581. 

Pedate, 61, 63. 


Pedatifld, 61, 63. 
Pedatipa^te, 61, 63. 
Pedatisect, 61, 63. 

Pedicel, 75. 

Peduncle, 75. 

— , foliaceous, 85. 
Peltate, 69. 

anthers, 124, 

stigma, 136, 

Pendent, 40. 

Pendulous, 40. 

— ovule, 137. 
Penicillate stigmas, 135. 
Penninerved, 55. 
Pentadelphous, 126. 
Pentamerous flowers, 91. 
PentastichouB, 44. 

Pepo, 151. 

Perennial plants, 644. 
Perfect flowers, 91, 118. 
Perfoliate, 68. 

Perforated cells, 493. 
Perianth, 11, 104. 

, characters of, 108, 

114. 

of Grasses, 117. 

PeriUem, 616. 
Pericambium, 516, 697. 
Pericarp, 140. 

Perichsetial leaves, 433. 
PeriohfBtium, 433. 
Periderm, 522. 

Peridium, 467. 

Perigone, 104. 

(Jungermanniaceie), 

433. 

Perigonial leaves, 433. 
Perigynium, 117. 
PerigynouB, 99. 
Periodicity in plants, 544. 
Peripheri(^ embryo, 167. 
Perisperm, 164, 
Peristome, 431. 
Peritbecia, 468. 
Persistent, 86. 

calyx, 109. 

corolla, 114. 

Personate, 1 13. 

PerulsB, 71. 

Petak, 11, 103, 109. 

sirap-like, 110. 

Petalmd,110. 

: filament, 120. 

, itmcture of, 540. 

3 b 



7m 




PhttneT0g«azili^ 193. 
reuirodttctioli of, 

622. 

Phellogen, 522. 
Flnlotlienns, 660. 
Phloem, 617, 622. 
Pho^oresoeooe, 649. 
PhyUofjjanine, 499. 
Phyllooes, 61. 

PhylloOia, 66. 

PhyUody, 87, 128. 
Phyllome, 11, 20, 41. 
Phyllotaa^, 42. 

— of flowers, 89. 
Phylloxanthine, 409. 
Physiology, 473. 
Pileorhiza, 636. 

Pilous, 463. 

Pilose, 41, 65. 

PinnsB, 62, 66. 

Pinnate, 62. 

Pinnatifld, 60. 

Pinnati partite, 60. 
Pinnatiseet, 60. 

Pinnules, 61, 65. 

Pistils, characters of, 
127. 

, structure of, 641. 

Pitcher-plants, 66. 
Pitchers, 66, 

Pith of Dicotyledons, 
632. 

Pits of cell-membrane, 
487. 

Pitted cells, 485. 

ducts, 512. 

Placenta, 129, 132. 
Placentoids, 122, 641. 
Plaited spstivation, 106, 
Planogamete, 459. 

Plante, description of, 
170. 

, distribution of, 663, 

668 . 

, food of, 664, 665. 

fossil. 699. 

, simplest, 8. 

Plasmodiooarp, 470. 
Plasmodium, 413, 495. 
Piastidule, 496. 
Pleiomery, 93. 

Pleiotaxy, 92. 

PI rome, 616. 

Plicate^ 74, 104. 

— - suiiTati(m, 105. 


Plumule^ H 32, 69im 

166, 

Podosperm, 137. 
PolUrdmg, 615. 

Pollen, 17, 119, 126. 628. 
examination of, 625. 

of Gymnospermia, 

626. 

, formation of, 624. 

Pollen-masses, 126, 624. 
Pollen-tubes, 627, 633. 
Pollinia, 127. 624. 
Pollinodium, 465. 
Polyadelphous, 100. 
Polyandrous, 124. 
Polycotyledonous, 157. 
Polygamous, 94, 637. 
Polypetalous, 97, 110. 
Polyphyllous, 115. 
Polysepalous, 97, 107. 

calyx, 107. 

Polythalamio, 137. 
Pomum, 151. 

Porosity of membrane, 
481. 

Porous cells, 486-493. 

dehiscence of 

anthers, 23. 

of fruit, 143. 

Posterior, 89, 
Postvenlitious bulbs, 26. 
PrjEfloration, 105. 
Praefoliation, 72. 
Prsemorse, 31, 692. 
Prreventitious bulbs, 26. 
Pressure, 667. 

Pnckles, 687. 

Primary membrane, 482. 
Primine, 137, 153, 601, 
Primitive fibre, 484. 
Primordial parenchyma, 
479. 

utricle, 495. 

Procambium, 515. 
Procumbent, 40. 
Proembryo, 629. 
Progressive vascular bun- 
tfes, 517. 

Prolification, 88. 
Propagation, 616. 
Prosenchyma, 507, 508. 
Prostrate, 40. 
Protandrous, 638. 
Proteoting-sheath, 517. 
Proteinaceous matters, 
600, 579. 


PrnthaiUttin, 409. 
P«otogyiiou«»6d8. 
Pxotonema, 411, 428. 
Protoplasm, 495* 

— movements of; 648. 
Pruinose, 65. 

Pubescent, 65, 

PulvinuA, 53. 

Putamen, 141. 

Pycnidia, 469. 

P^ne, 141. 

Pyxis, 148. 

Quinate, 63. 
Quincunoial, 44, 104. 
mstivation, 104. 

Kaceme, 78. 

Baces, nature of, 160. 
Bachis, 62. 

Badiant florets, 81, 290. 
Eadiate, 136. 

Badioal leai es, 49. 
Eadicle, 16, 166, 692. 
Eadix multiceps, 32. 
Eamal leaves, 49. 
Eamification, 38, 41, 70. 

, modes of, 38. 

, raonopodial, 38. 

, syrapodial, 39. 

EamosiBBimus, 41. 

Eaphe, 138, 153. 
Eaphides, 506, 682. 

Bate of growth, 612. 

Bay, 81. 

Bays, medullary, 529,532. 
Beagents, chemical, 6. 
Beceptacle of flowers, 88, 
100 . 

, anatomy of, 642. 

, common, 80. 

, Fungi, 413. 

Beoeptacular tube, 99. 
106, 107. 

Beclinate, 73, 104. 
Beduplioate, 105. 

Begions of altitude, 672. 

of vegetation, 695. 

Begular calyx, 108. 

corolla, 110. 

flower, 99. 

Bejuvenesoence, 684. 
Beniform, 58. 

Bepand, 59. 

Bepens, 40. 

Beplum, 132, 148, 209. 
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cpAoiM,' 

Bt^pvdiiotfkni, SIS. 

-^a^pto^smia, 

of Thallophyta, 436, 

— — of Phaneroeamia, 
681, 622. 

Beservoirs for Boorotions, 
623. 

Besins, seoretion of, 681. 
Bea^^ration of plants, 

, dilorophyllian,674, 

677. 

, general, 675, 677. 

Besting-spore, 442, 644. 
Besupmate ovule (of 
Plumbaginaoeaj), 137. 
Beticulated cells, 489. 

vessels, 610. 

Betinaculum, 127. 
Betroserrate, 69. 

Betuse, 59. 

Beversion, 643. 

Bevolute, 69, 74. 

Bhizorae, 16, 30. 
Bhizotaxy (arrangement 
of roots), 16. 
Bbomboidal, 68. 
Bhytidome, .522. 

Bibbed, 40. 

Bibs, 66, 640. 

Bind of Monocotyledons, 
628. 

Bingent, 114. 

Binging of stems, 678. 
Boot, 10, 14. 

Boots, adventitious, 16, 
17, 537. 

j aerial, 18. 

, axial, 16. 

, buds on, 16. 

development of, 

696. 

, direction of, 589. 

, fibrils of, 116. 

, selecting power of, 

668, 664. 

, structure of, 683. 

, tuberous, 17, 688. 

Boot>action, 6^. 
lL>ot*^p, 636, 697. 
Boot-hiurs, 17, 537. 
Boot-stock, 80. 


Bosaceous eoroUa, 110. 
Bosette, 629. 

Bosalate,47. 

Botate corolla, 112. 
Botation of oell-eap, 448. 
Buminated endosperm or 
albumen, 1C6. 
Buncinate, 61. 

Banners, 83. 

Saccate, 108. 

petals, 110. 

Samttate, 58. 
Salver-shaped, 112. 
Samara, 148. 

Sap, ascent of, 566, 668. 

, causes of, 567. 

, crude, 672. 

, descent of, 672. 

, force of, 668. 

, elaborated, 667, 

672. 

Sapindacose, stems of, 

630. 

Saprophytes living on 
decaying matter, 558. 
Sap-wood, 632. 

Sarcooarp, 141. 

Scabrous, 65. 

Scalariform cells, 489. 

vessels, 512. 

Scales, 519. 

of corollas, 114. 

Scaly, 66. 

bulb, 25. 

Scandens, 40. 

Scape, 75. 

Scattered, 42. 

Schizocarp, 148. 
Sclerenohyma, 608. 
Soorpioid cyme, 82. 
Scurfy, 66. 

Secondary layers, 483. 

spiral, 46. 

Seoretion, 879. 

Secretions, canals for, 
624. 

, reservoirs for, 624. 

Secretory system, 6^. 
Seound, arranged on one 
side only. 

Secundine, 153,631. 
Seedling, development of, 
691. 

Seeds, 10. 

, characters of, 163. 


Seeds, viliiHt!y0f,644,645. 
Segmentation, 686. 
Scents, 61, 66. 

Seleoting power of roots, 
663. 

Selection, natural, 163, 
Self-impremation, 689. 
Sensitive i^nts, 660. 
Sepals, 1^ 106. 

Septa of cells, 480, 607. 
Septenate, 63. 

Septiddal, 143. 
Septifragal, 142. 

Septum of anthers, 122. 
— ^ of fruits, 142. 
Sericeous, 6.5. 

Serrate, 69. 

Sessile, 60. 

flower, 75. 

leaves, 60. 

stigma, 133. 

Seta of Mosses, &o., 431. 
Setaa, 66. 

Setose. 41. 65. 

Sexual reproduction, 620. 
Sheath, leaf-, 62. 

Sieve disks, 488. 

cells, 488. 

Silica, excretion of, 582. 
Siliceous deposits, 492. 
Silicula, 14o. 

Siliqua, 148. 

Simple leaf, 65. 

pistils, 129. 

Simultaneous vascular 
bundles, 516. 

whorls, 48. 

SLnistrorse, 106. 

Sinuate, tK). 

Sinus, 107. 

Skeleton of plants, 492. 
Sleep of plants, 652. 
SUps, 616. 

Snow-line, 673. 

Soft bast, 522. 

Solitaiy flowers^ 75. 

Sori of Algde, 439. 

of Perns, 419. 

Sorosis, 152. 

Spadix, 78. 

Spathe, 76. 

Spaiulate, 68. 

Species, names of, 169, 
165, 166. 

, nature of, 169, 

, origin of^ 163. 
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Species, represenUtire, 
664. 

Spedfio olmracter, 177. 

centres, 666. 

Spermatia, 469. 
Spermatosoids^ 416, 448, 
464,560. 

Sperm-cells, 621, 623. 
Spermogonia, 469. 
Spioular cells, 479. 

Spike, 78. 

Spikelet, 76. 

Spines, 68, 619. 
Spinose-serrate, 59. 
Spinosus, 66. 

Spinous, 67. 

Spiral embryo, 167. 

— — , fundamental, 4i). 

growth, 666. 

deaves), 43. 

, seconaary, 46. 

vessels, 610. 

Spongioles, 639. 
Sporanges, 154, 409. 
Spore-fruits, 427. 

Spores, 409, 621. 

, resting, 441. 

, vitality of, 644. 

SporocarjM, 427. 
Sporogonium, 430. 
Sports, 642. 

Spur, i 10. 

SpunOUS dl8SCpltll6TltB) 

131. 

Spurred petals, 110. 
Stamens, branched or 
compound, 120, 601. 

, characters of, 119. 

, developiliint of, 

601. 

— of Gymnospermia, 
124. 

, number of, 124. 

Staminode, 117. 
Standard, 111, 249. 
Starch, 601. 
Starch-granules, 502. 

, test for, 602. 

Statistics of vegetation, 
696. 

Striate cells, 478. 
Stems, 10, 20. 

— , antbtomy of, 625. 
— , development of, 
694. 

— — , redone of, 22. 


Stichidium, 439, 448. 
Stigma, 12, 133. 

Stigmas, characters of, 
128. 

Stigmata bicruria, 127, 
Stings, 66, 624* 

StipelSy 64. 

Stipitate, 101. 

Stipules, 51, 63. 

Stock, 36. 

Stomata, 580. 

, development of, 

691. 

Straight embryo, 157. 
Striate, 40. 

Strictus, 40. 

Strobilus, 162. 

Structure of anthers, 641, 

of flowers, 86, 540. 

of leaves, 639. 

of ovules, 641. 

of petioles, .540. 

of roots, 533. 

of stems, 526. 

of thalamus, 642. 

Style, 12, 128. 

, characters of, 133, 

, structure of, 541. 

Stylospores, 464. 
Suberous layer, 524, 629. 
Submerged leaves, 66. 
Subrotund, 68. 
Substitution, 88, 101. 
Subulate, 58, 120. 
Successive whorls, 48. 
Sugar, 404. 

secretion of, ,581. 

Superior, 98. 

ovary, 130. 

Superposition, 91, 94, 

101 . 

Suppression, 93. 
Supradecomposite, 63. 
Surfaces of leaves, 66, 
Survival, 168. 
Suspended ovule, 138, 
Suspensor, 65^. 

Sutural dehiscence, 123, 
142. 

Sutures of anther, 123. 

, dorsal, 129. 

, ventral, 129. 

Swartn-spores, 614. 
Syconus, 151. 
Symmetrical flower. 91. 
Sympetalous, 97 


Sympode, 30, 82. 
Syncarpous ^uits, 146. 

— — pistil, 180. 
Syngenesious, 97, 126, 
Anonyms, 167. 
Synsepaloufl, 97. 

System, aerial, 614. 

, cklular, 514. 

, cortical, 614. 

, fibro-vascular, 516. 

, secretory, 616. 

System of Bentham and 
Hooker, 187. 

of Oaruel, 190. 

of Braun, 188. 

of De Candolle, 

186. 

of Endlicher, 186. 

of Jussieu, 185. 

of Lindley, 187. 

of Linmeus, 181. 

Systematic botany, 158. 
Systems, artificial, 180. 

, natural, 1 82. 

of classification, 

180. 

Tabular cells, 478. 

Tannin, 582. 

Tap-root, 16. 

Teeth of calyx, 107. 
Teglnen, 137, 163. 

Tela contexta, 610. 
Temperature of plants, 
647. 

Tendrils, 67, 667. 

Tension, 609. 

Teratology, 87. 

Terete, 40. 

Ternary compounds, 678. 
Ternate, 663. 
Temato-pinnate, 64. 
Tertiary layers, 460. 
Testa, 130, 163. 
Tetradynamous, 124. 
Tetramerous flowers, 91. 
Tetraspores, 439, 447, 
614. 

Texture of leaves, 65. 
Thalamifloral, 98. 
Thalamus, 99, 100, 542. 

, development of, 

100 . 

, structure ofi 642. 

ThaUophyta. 9, 411,436. 
— , morphology 41 1. 
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Thallophyta, reproduc- Twining, 40. 

tion of, 411, 435. Tyloaes, 613. 

Tballus, 154, 409. Typical flower, 91. 

Thorns, 68. 

Throat of calyx, 107. Umbel, 79. 

of corolla, 112. Umbellule, 79. 

Thyrse (a form of pani- Umbilical cord, 137. 
cled inflorescence in Undulated, 59. 
which the central stalks Un^iis, 109. 
are longest). Uniiugate, 63. 

Tigellum (hypocotyledo- Unilocular anther, 123. 
nary axis), 13, 166, — ^ — ovary, 130. 

693. Union, 97. 


Tissue, conducting, 541. 

, felted, 610. 

kinds of, 50f). 

, vascular, 610. 

Tissues, 475. 

Tomentose, 65. 

Torus, see Thalamus. 
Transitional forms, 87- 
Transpiration, 5(»7, 668. 
Triadelphous, 126. 
Triandrous, 124. 
Triangular, 40. 

Tribes, 439, 447, 
Trichogyne, 51K), 593. 
Trichome, 17, 519. 
Trigonous, 40. 
Trimerous flowers, 91. 
Trimorpbism, 686. 
Trioecious, 637. 
Tripinnate, 63. 
Tripinnatifld, 61. 
Tripinnatisect, 61. 
Triple^nerved, 55. 

^ Triquetrous, 40. 

' Tristichous, 43. 

Trunk, 34. 

Tube of calyx, 107. 

of corolla, 112. 

‘ of receptacle, 99. 

Tubers, stem*, 28. 
Tuberous roots, 17, 
527. 

Tubular, 101, 105. 
Tufted, 47. 

Tunicated bulb, 26. 
Turbinate, 108. 
Turgescenoe, 609. 

Turio, 32. 


Unisexual, 93, 112. 
Urceolate, 108. 

Utricles, primordial, 495. 
Utriculus, 118. 

of Carex, 117. 

Uva, 150. 

Vacuoles, 496, 591. 
Vagina, 52. 

Vaginule of Mosses, 431. 
Valvate, 73, 105. 

• aestivation, 105. 

Valves of fruits, 142. 
Valvular (sutural) dehi- 
scence of anther, 123. 

of fruits, 142. 

Varieties, 159. 

, names of, 168. 

, nature of, 159. 

Vasa propria, 512, 516. 
Vascular tissue, 476, 510. 
Vasoulose, 462. 
Vegetation, physiology 
of, 542. 

— , regions of, 675. 

— statistics of, 696. 

, zones of, 669. 

Vegetative multiplication, 

Veins, 66. 

of leaves, 55, 540. 

Velamen radioum; 521. 
Venation of leaves, 55. 
Vernation, 72. 

Versatile anther, 121. 
Verfcicillaster, 84. 
Verticillate, 42. 

Vessels, 476. 


Vessels, annular, 512. 

, development of, 

691. 

, laticiferous, 613. 

, moniliform, 610. 

, reticulated, 512. 

, Bcalariform, 512. 

, spiral, 610. 

, vesicular, 513. 

Vexillaryspstivation, 106. 
Vexillum, 111. 

Villous, 65. 
Vinegar-plant, 552, 
Viscous, 66. 

Viscum, epidermis ®f, 
521. 

Vitality of seeds and 
spores, 543. 

Volatile oils, 506, 581. - 
Volva, 463. 

Volubilis, 40. 

Vorblatt, 51. 

Water-culture, 567, 
Wax, excretion of, 682. 
Whorled, 42. 

Winged, 41. 

Wings, 111. 

Wood, 615. 

of Dicotyledons, 

515, 529. 

Wood-region, 616. 
Woody fibre, 508. 

Xantho-protein, 50<). 
Xerophilea, 661. 

Xylem, 517,622. 

Yeast-plant, 561. 

Yew, wood-cells of, 490. 
Yucca, stem of, 527. 

Zones of vegetation, 66$. 
Zoosporangia, 455. 
Zoospores, 438, 614. 
development of, 
584. 

emission of, 488. 

, movement of, .552. 

Zygospore, 455, 585. 
Zygote, 459. 


THE END, 
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